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CHAPTER I  
INTRODUCTION
S in c e  th e  d is c o v e r y  o f  Downes and B lunt (1 8 7 7 ) th a t  ex p o su re  t o  
s u n l ig h t  was l e t h a l  t o  b a c t e r ia ,  many h y p o th e se s  have been  p u t f o r t h  
t o  e x p la in  th e  m echanism  o f  a c t io n  by w h ich  r a d ia t io n  i n a c t i v a t e s  
o r g a n ism s. Downes and B lunt b e l ie v e d  t h a t  a s t im u la t io n  o f  th e  o x i ­
d a t iv e  p r o c e s s e s  o f  th e  organ ism  o ccu rred  a s  a r e s u l t  o f  t h e  i r r a d ia ­
t i o n  and t h a t  d ea th  r e s u lt e d  from  th e  "burning up" o f  com ponents v i t a l  
t o  th e  c e l l .  C o n tro v ersy  as t o  th e  m agnitude o f  th e  e f f e c t  o f  th e  
i r r a d ia t e d  environ m ent on th e  organ ism  and th e  e f f e c t  o f  i r r a d ia t io n  on  
th e  organ ism  p er  se  a r o se  e a r ly  in  t h e  s tu d y  o f  r a d ia t io n  e f f e c t s .  B ie  
( 1 9 0 5 ) found t h a t  i r r a d ia t io n  o f  o r g a n ic  m edia r e s u l t e d  in  t h e  forma­
t i o n  o f  m a te r ia ls  t o x i c  to  o rgan ism s su b se q u e n tly  in o c u la te d  upon th e  
medium. However, he found t h a t  th e  d o sa g e  r e q u ir e d  t o  a ccu m u la te  such  
t o x i c  m a te r ia ls  was q u i t e  la r g e  a s  compared t o  d o sa g e s  r e q u ir e d  to  k i l l  
t h e  organ ism s by d ir e c t  i r r a d i a t i o n .  C o b len t2 and F u lto n  (1 9 2 4 ) and 
P r a tt  ( 1 9 3 6 ) found r e s u l t s  s im i la r  to  th o s e  o f  B ie ,  The e a r ly  te c h ­
n iq u e  em ployed i n  s tu d y in g  th e  e f f e c t s  o f  i r r a d i a t i o n  c o n s is t e d  o f  
i r r a d ia t in g  organ ism s sp ra y ed  on a s o l i d  n u tr ie n t  medium. The r e s u l t s  
o b ta in e d  may have b een  a f f e c t e d  by th e  a c t io n  o f  th e  t o x in s  produced  
(L e a , 1947)»  H o lla en d er  and C laus (1 9 3 6 ) d e v e lo p e d  a te c h n iq u e  o f  
i r r a d ia t in g  c e l l s  susp en d ed  i n  a n o n -a b so r b in g  p h y s io lo g ic a l  s a l t  s o lu t io n  
th e r e b y  e l im in a t in g ,  t o  an e x t e n t ,  th e  t o x i c  e f f e c t s  o f  th e  medium,
Wyss ^  aX (1 9 4 8 ) s tu d ie d  th e  r o l e  o f  p e r o x id e  i n  th e b i o l o g i c a l  e f f e c t s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o f  i r r a d ia t e d  b r o th . They found a marked s i m i l a r i t y  b etw een  c e r t a in  
b i o l o g i c a l  e f f e c t s  prod u ced  by u l t r a v i o l e t  (UV) ir r a d ia t e d  n u tr ie n t  
b ro th  and by b ro th  to  w hich  hydrogen  p e r o x id e  had been  added. However, 
th e y  w ere n o t s u c c e s s f u l  in  in c r e a s in g  th e  m u ta tio n  r a te  by d i r e c t  
tr ea tm en t o f  b a c t e r ia  w ith  hyd rogen  p e r o x id e . Wagner e t  aX (1 9 5 0 ) w ere  
a b le  t o  in c r e a s e  th e  m u ta tio n  r a te  o f  N eurospora  w ith  d i r e c t  hydrogen  
p e r o x id e  tr e a tm e n t . H einm ets and T a y lo r  (1 9 5 1 ) found th a t  th e  p r e se n c e  
o f  d i s s o lv e d  oxygen  in c r e a s e d  th e  in a c t i v a t i o n  r a t e  o f  b a c t e r ia  by UV 
l i g h t .  W hittingham  and S t a u f f e r  (1 9 5 6 ) e x p la in e d  th e  p r o t e c t io n  a g a in s t  
th e  l e t h a l  e f f e c t s  o f  i r r a d ia t io n  w hich  th e y  o b ta in e d  by th e  a d d i t io n  
o f  a v a r i e t y  o f  sodium  s a l t s  t o  t h e  en viron m ent i n  w hich  th e  c e l l s  w ere  
i r r a d ia t e d ,  a s  b e in g  due t o  oxygen  d e p le t io n  a t  c r i t i c a l  s i t e s  i n  th e  
c e l l s  or  i n  o th e r  in s t a n c e s ,  due t o  a r e p r e s s io n  o f  th e  fo rm a tio n  o f  
o r g a n ic  p e r o x id e s .  S p o res o f  P é n ic i l l iu m  chrysogenum  were p r o t e c te d  
a g a in s t  th e  a c t io n  o f  u l t r a v i o l e t  i r r a d ia t io n  i n  th e  a b sen ce  o f  oxygen  
(W hittingham  and S t a u f f e r ,  1 9 5 6 ) . Loofbourow (1 9 4 8 ) f e l t  t h a t  s in c e  
o n ly  an i n f i n i t e s i m a l  amount o f  p e r o x id e  i s  produced  by  th e  wave le n g th s  
u s u a l ly  em ployed, o n ly  a m inor p o r t io n  o f  th e  e f f e c t s  o f  u l t r a v i o l e t  
i r r a d i a t i o n  can be a s c r ib e d  t o  an  i n d i r e c t  m echanism , i . e . ,  due to  
p e r o x id e s .
H enri (1 9 1 4 ) p o s t u la te d  t h a t  a b so r p t io n  w i t h in  th e  n u c le u s  was 
r e s p o n s ib le  f o r  th e  b a c t e r i c i d a l  e f f e c t s  o f  UV i r r a d ia t io n  and a l s o  t h a t  
s u b le t h a l  d o se s  o f  i r r a d ia t io n  c o u ld  in d u ce  m u ta t io n . G ates (1 9 2 3 )  
c o r r e la t e d  th e  r e l a t i v e  e f f e c t i v e n e s s  ( u s in g  l e t h a l i t y  a s  t h e  c r i t e r i o n )  
o f  d i f f e r e n t  wave le n g t h s  o f  UV l i g h t  w ith  th e  a b s o r p t io n  o f  th e  l i g h t  
by d e o x y r ib o n u c le ic  a c id  (DNA). The r e la t io n s h ip  o f  th e  d o sa g e  r e q u ir e d
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t o  k i l l  a c e r t a in  p e r c e n ta g e  o f  th e  organ ism s and t h e  wave le n g th  o f  th e  
l i g h t  i s  t h e  " a c t io n  sp ectru m ,"  D if f e r e n t  com ponents o f  b i o l o g i c a l  
sy stem s p o s s e s s  a  p o t e n t i a l  f o r  maximum a b s o r p t io n  a t  d i f f e r e n t  wave 
le n g th s  o f  l i g h t  (a b s o r p t io n  sp e c tru m ). DNA a b so rb s l i ^ t  m axim ally  a t  
ab ou t 2 ,6 5 0  2 .  G ates ( I 9 2 9 , 1930) found t h a t  th e  maximum b a c t e r i c id a l  
e f f e c t i v e n e s s  fo r  S ta p h y lo c o e c u s  au reu s and E s c h e r ic h ia  c o l l  and th e  
maximum a b so r p t io n  by t h e s e  c e l l s  was a t  about 2 ,6 0 0  H o lla en d er  and 
C laus ( 1 9 3 6 ) r e p o r te d  t h a t  E, c o l i  was m a x im a lly  s e n s i t i v e  t o  a wave­
le n g t h  o f  2 ,6 5 0  X. H o lla en d er  (1 9 5 5 ) s t a t e d  th a t  th e  e v id e n c e  in d ic a te d  
th a t  th e  f i r s t  s te p  in  th e  r e a c t io n s  r e s u l t i n g  u l t im a t e ly  in  d ea th  o f  
th e  c e l l s  in v o lv e s  t h e  a b so r p t io n  o f  UV l i g h t  by n u c le ic  a c id  o r  n u c le ic  
a c id  com ponents,
D essa u er  (1 9 2 2 ) in tr o d u c e d  th e  ta r g e t  th e o r y ;  t h i s  th e o r y  was 
su p p orted  by Growther ( 1 9 2 6 ) ,  The th e o r y  p r o p o se s  t h a t  th e r e  a re  v i t a l  
" ta r g e t s ,"  (m o le c u le s  o r  s t r u c t u r e s ) ,  w hose i n t e g r i t y  i s  n e c e s s a r y  t o  
th e  fu n c t io n  o f  th e  c e l l ;  t h e s e  a r e  exp osed  t o  r a d ia t io n  damage (A lp e r ,  
1 9 6 1 ) ,  Holweck ( 1 9 2 9 ) and L acassagn e (1 9 2 9 ) s ta t e d  th a t  b a c t e r ia  w ere  
k i l l e d  by a b so r p t io n  o f  a s i n g l e  quantum, i f  t h a t  quantum was ab sorb ed  
by th e  " s e n s i t iv e  z o n e ,"  Some w orkers have p rop osed  t h a t  t h e  " s e n s i t i v e  
zone" i n  an organ ism  i s  th e  n u c le u s  o r  n u c le a r  m a te r ia l  and th a t  th e  
" ta r g e ts "  a r e  g en es  ( C l i f t o n ,  1 9 5 7 ) . Hanawalt and S etlo w  ( I 96O) r e p o r te d  
t h a t  th e  a c t io n  spectru m  f o r  r ib o n u c le ic  a c id  and p r o t e in  s y n t h e s is  w ere  
e q u a l and th a t  th e y  f o l lo w  a n u c le ic  a c id  a b s o r p t io n  sp ectru m . They 
b e l ie v e d  th a t  th e  prim ary s i t e s  f o r  t h e  a c t io n  o f  UV w ere th e  r ib o so m es  
b u t t h a t  p rim ary  damage i s  to  th e  DNA. Rahn (1 9 2 9 ) p rop osed  th a t  d ea th  
in d u c ed  b y  exposure t o  r a d ia t io n  was due t o  a change i n  a  s in g l e  g en e
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le a d in g  t o  a l e t h a l  m u ta tio n . Lea (1 9 4 7 ) a d v o c a te d  th e  " ta r g e t"  and 
l e t h a l  m u ta tio n  t h e o r i e s  w i t h  th e  r e s t r i c t i o n  th a t  t h e  e f f e c t s  a re  on th e  
g e n e t ic  a p p a ra tu s  o f  th e  b a c ter iu m . He b e l ie v e d  th e  t a r g e t  th e o r y  was 
a p p l ic a b le  when th e  a c t io n  o f  r a d ia t io n s  c o n s is t e d  o f  gen e m u ta tio n  or  
chrom osom al b rea k a g e . On th e  o th e r  hand^ H o lla en d e r  (1 9 5 5 ) s ta t e d  th a t  
l e t h a l  m u ta tio n s  can a l s o  be b rou gh t a b ou t by i n d i r e c t  m echanism s. There 
i s  vo lum inous l i t e r a t u r e  d e a l in g  w ith  th e  th e o r y  o f  l e t h a l  m u ta tio n , 
L ederberg (1 9 5 1 ) found no s y s t e m a t ic  d i f f e r e n c e s  in  th e  s e n s i t i v i t y  o f  
h a p lo id  and d ip lo id  E. c o l i  t o  UV l i g h t .  One would e x p e c t  d i f f e r e n c e s  
t o  e x i s t  i f  r e c e s s iv e  l e t h a l  m u ta tio n s  w ere o f  s ig n i f i c a n t  im p ortan ce in  
th e  in a c t iv a t in g  m echanism . I n t e r e s t i n g l y ,  G ie s e ,  I v e r s o n , and Sanders  
(1 9 5 7 ) and E lk in d  and S u tto n  (1 9 5 9 ) have d em on stra ted  th a t  d iv id in g  y e a s t  
( th o s e  i n  th e  lo g a r ith m ic  p h a se  o f  grow th) w ere more r e s i s t a n t  t o  UV 
i r r a d i a t i o n  th an  a t  any o th e r  s t a g e .  E lk in d  and S u tto n  e x p la in e d  t h e i r  
r e s u l t s  by th e  Z ir k le -T o b ia s  "dominant h i t"  th e o r y  w h ich  r eq u ir e d  th e  
i n a c t iv a t io n  o f  a l l e l i c  s e t s  i n  p o ly p lo id  c e l l s ,  A lp er ( I 96I )  d id  not 
b e l i e v e  t h a t  th e  v a l i d i t y  o f  th e  " ta r g e t"  th e o r y  has b een  s e r i o u s l y  
c h a lle n g e d  and b e l i e v e d  th a t  i t  i s  a u s e f u l  t o o l  in  d e s c r ib in g  th e  f i r s t  
s te p  in v o lv e d  in  d evelop m en t o f  r a d ia t io n  damage. H owever, th e r e  are  
two c o n c e p t io n s  c o n c e r n in g  th e  " ta r g e t"  th e o r y  w h ich  must be r e c o g n iz e d :  
(1 )  th e  " ta rg e t"  i n  a c e l l  i s  n o t  n e c e s s a r i l y  a s s o c ia t e d  w ith  i t s  g e n e t ic  
a p p a r a tu s , and (2 )  th e  th e o r y  a s s ig n s  a p r o b a b i l i t y  th a t  one o r  more 
q u an ta  a b so r p t io n s  may c a u se  d e a th .
D a le  ( 1 9 4 0 ) p rop osed  th a t  th e  b a c t e r i c i d a l  e f f e c t s  o f  i r r a d ia t io n  
may n o t  in v o lv e  l e t h a l  m u ta tio n s  but r a th e r  th e  in a c t i v a t i o n  o f  enzym es. 
He found  th a t  85^ o f  th e  a c t i v i t y  o f  c a r b o x y p e p tid a se  was in a c t iv a t e d  by
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% -irr a d ia t io n .  Barron e t  ^  (1 9 4 9 )  r e p o r te d  th a t  when d i l u t e  aqueous  
s o lu t io n s  o f  enzym es w ere i r r a d ia t e d ,  th e  enzym es r e q u ir in g  s u lf h y d r y l  
grou p s f o r  a c t i v i t y  w ere m ost e a s i l y  in a c t iv a t e d ,  H einm ets and Kathan
( 1 9 5 4 ) and s e v e r a l  o th e r  w orkers have found p o s t - i r r a d ia t io n  i n h ib i t io n  
o f  enzyme a c t i v i t y .  H owever, t h i s  e f f e c t  co u ld  have b een  an in d ir e c t  
e f f e c t .
N ovick  and S z i la r d  (1 9 4 9 ) in tr o d u c e d  th e  " c e l l  p o iso n "  h y p o th e s is ,  
w hich  s t a t e d  t h a t  a f a c t o r  t o x i c  t o  th e  c e l l  was produced . They p rop osed  
t h a t  p h o to r e a c t iv a t io n  (K e ln e r , 1949) o ccu rred  a s  a r e s u l t  o f  th e  d e s tr u c ­
t io n  o f  t h i s  p o iso n  by th e  r e a c t iv a t in g  v i s i b l e  l i g h t .  R ob erts and A ldous  
( 1 9 4 9 ) a d v o ca ted  t h e  " c e l l  p o iso n "  th e o r y  and c o r r e la te d  an in c r e a s e  
in  v ia b le  count o b ta in e d  by in c u b a t in g  UV ir r a d ia te d  E. c o l i  B c e l l s  in  
a l iq u id  medium b e fo r e  d a t i n g  w ith  a d e ca y  o f  th e c e l l  p o iso n  brought 
on by t h e  in c u b a t io n  in  l i q u i d .
W ycoff ( 1 9 3 2 ) c h a lle n g e d  t h e  s e n s i t i v e  volum e h y p o th e s is  and 
e x p r e s se d  th e  th o u g h t t h a t  i t  was s tr a n g e  that the m il l io n s  o f  "non- 
d ead ly"  quanta a b so rb ed  p e r  b a c i l l u s  d id  n o t m a n ife s t  th e m s e lv e s  by  
somehow a l t e r i n g  th e  c e l l u l a r  p r o c e s s e s ,  H einm ets and co -w o rk ers  
(1953> 1 9 54^ 1 9 5 5 ) s t a t e d  th a t  s in c e  a la r g e  number o f  p h oton s a r e  
ab sorb ed  by th e  b a c t e r i a l  c e l l  th e  m e ta b o lic  and s y n t h e t i c  p r o c e s s e s  
p a s s in g  through  com plex pathw ays a r e  s u b je c te d  t o  " m u ltip le  p a tte r n "  
in j u r y .  A b a c t e r i a l  c e l l  can t o l e r a t e  o n ly  a c e r t a in  l e v e l  o f  d i s o r g a n i­
z a t io n  and t h e r e fo r e  d is tu r b a n c e s  i n  a m u lt ln le  number o f  enzyme sy stem s  
o r  s te p s  c o u ld  c o n c e iv a b ly  le a d  t o  d ea th  o f  th e  c e l l .  In  o rd er  t o  
a v o id  f u r th e r  d i s t o r t i o n  o f  th e  m e ta b o lic  and s y n t h e t ic  p r o c e s s e s  o f  the  
in ju r e d  c e l l ,  i t  i s  d e s ir a b le  t o  su p p r e ss  grow th and m u lt ip l i c a t io n
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w h ile  r e c o v e r y  t a k e s  p la c e .  H einm ets f u r t h e r  b e l ie v e d  t h a t  UV ir r a d ia ­
t i o n  p roduced  b oth  r e v e r s ib le  and i r r e v e r s i b l e  r e a c t io n s  w it h in  a c e l l  
and t h a t  th e  a d d it io n  o f  c e r t a in  m e ta b o l i t e s  c o u ld  enhance r e c o v e r y  o f  
c e l l s  w ith  " m eta b o lic  l e s i o n s ."  He t h e o r iz e d  t h a t  m e ta b o li t e s  m o d if ie d  
by u l t r a v i o l e t  l i g h t  may a c t  a s  a n a lo g u e s  o f  m eta b o lism . S a ch er  and 
W endcrf (1 9 5 3 ) r e p o r te d  r e s u l t s  w h ich  s u g g e s te d  t h a t  t h e  UV in a c t iv a ­
t i o n  o f  E. c o l i  was d u e t o  i n h i b i t i o n  o f  t h e  c o n v e r s io n  o f  l a c t a t e  t o  
p y r u v a te .
A r e c e n t  th e o r y  s t a t e s  t h a t  d ea th  due t o  r a d ia t io n  was cau sed  by 
"unbalanced  g r o w th ." T h is  th e o r y  i s  c l o s e l y  a l l i e d  w ith  th a t  o f  H einm ets  
who b e l ie v e d  t h a t  d ea th  was due t o  an im b alan ce i n  th e  s y n t h e t i c  
p r o c e s s e s  o f  th e  c e l l .  A p p a ren tly  "unbalanced growth" i s  a se co n d a ry  
e f f e c t  w hich  f o l lo w s  th e  i n h i b i t i o n  o f  DNA s y n t h e s is  i n  th e  c e l l .  Earner  
and Cohen (1 9 5 4 ) d e s c r ib e d  th e  d ea th  w hich r e s u l t e d  when E , c o l i  s t r a in  
15T“ was s u b je c te d  t o  a th y m in e le s s  medium. They a t t r ib u t e d  th e  d ea th  
t o  th e  f a c t  th a t  r ib o n u c le ic  a c id  (RNA) and p r o t e in  s y n t h e s is  co n tin u e d  
when t h e  c e l l s  w ere i n  th e  th y m in e le s s  medium w h ile  th a t  o f  DNA c e a s e d ,  
and t h a t  t h i s  im b a lan ce  i n  th e  grow th o f  th e  c e l l s  le a d  t o  in a c t i v a t i o n  , 
They (195&) ex ten d ed  t h i s  h y p o th e s is  t o  e x p la in  d ea th  cau sed  due to  
ex p o su re  t o  UV l i g h t .  They em ployed E. c o l i  s t r a in  15 fo r  a  p o r t io n  o f  
t h e  s tu d y  and fo u n d  t h a t  i f  i r r a d ia t e d  c e l l s  w ere h e ld  in  a l i q u i d  e n v ir o n ­
ment f o r  a  p e r io d  p r io r  t o  p l a t i n g ,  th e r e  was an in c r e a s e  in  th e  v ia b le  
cou n t b u t t h a t  t h i s  in c r e a s e  was f o l lo w e d  by  a seco n d  p h ase o f  d eath  o f  
t h e  c e l l s  r e s u l t in g  i n  a d e c r e a se  i n  v ia b le  co u n t. By r e d u c in g  th e  
i n t r a c e l l u l a r  su p p ly  o f  carbon  and n itr o g e n  compounds a c co m p lish e d  by  
s t a r v in g  th e  b a c t e r ia  and th e n  s u b s e q u e n t ly  i r r a d ia t in g  and r e s t o r in g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
i n  m edia d ev o id  o f  g lu c o s e  o r  n i t r o g e n ,  th e y  found t h a t  t h e  secon d  d e a th  
p h ase d id  n o t  o c c u r . There are  many p ro p o n en ts  o f  th e  t h e o r y  t h a t  d eath  
r e s u l t i n g  from  i r r a d i a t i o n  i s  due t o  u n b a la n ced  gi'owth.. A lp er  and G i l l i e s  
(1953b ) h ave ex ten d ed  t h i s  h y p o th e s is  to  in c lu d e  prim ary i r r a d ia t io n  
d ea th  w hich th e y  f e e l  i s  cau sed  by an im b alan ce in  th e  s y n t h e t i c  p r o c e s s e s  
o f  th e  c e l l  o r  to  u n b a lan ced  grov/t.h. The f a c t  th a t  UV l i g h t  i n i i i b i t s  
DNA s y n t h e s is  has b een  e s t a b l i s h e d  (K e ln e r , 1953s Hanawalt and S e t lo w ,  
i 9 6 0 ) ,  D ra k u lic  and E rrera  (1 9 5 9 )  found t h a t  th e  a d d it io n  o f  chloram ­
p h e n ic o l  35 m in u tes  a f t e r  UV i r r a d ia t io n  d id  n o t  p rev en t t h e  r e c o v e r y  o f  
DNA s y n t h e s i s .  A lp er  and G i l l i e s  (1958b)  co n c lu d ed  from t h e i r  s t u d ie s  
th a t  th e  r e c o v e r y  o f  UV ir r a d ia t e d  c e l l s  was due i n  p a r t  t o  in ju r y  w hich  
l e a d  t o  an im b a la n ce  i n  th e  s y n t h e t ic  p r o c e s s e s  o f  th e  c e l l .  They f u r t h e r  
co n clu d ed  th a t  " recovery"  o r  " r e s to r a t io n "  may be b r o u ^ t  about by su b -  
o p tim a l growth c o n d it io n s ,  A lp er  and G i l l i e s  (1 9 5 8 b , I 9 6 0 ) ,  G i l l i e s  and 
A lp er ( 1959) o b ta in e d  a d d i t io n a l  e v id e n c e  w h ich  su p n o rted  th e  "unbalanced  
growth" h y p o th e s is .  E l l i s o n ,  E r la n g e r , and A lle n  (1 9 5 5 )  found th a t  UV 
i n a c t i v a t i o n  o f  E. c o l i  c o u ld  be r e v e r s e d  by th e  a d d it io n  o f  scdium  
a c e t a t e  to  th e  n u tr ie n t  a g a r  upon w hich  i r r a d ia t e d  b a c t e r ia  w ere e l a t e d .  
They found th a t  th e  grow th  r a te  d e c r e a se d  i n  th e  p r e se n c e  o f  a c e t a t e .
T h e ir  work a ls o  su p p o rts  th e  "unbalanced growth" h y p o th e s is ,  Doudney 
( 1 9 5 9 ) found th a t  th e r e  was an in c r e a s e  i n  th e  s u r v iv a l  o f  E„ c o l i  B 
f o l lo w in g  i r r a d i a t i o n  when th e  c e l l s  w ere p la te d  upon a n it r o g e n  f r e e  
medium. F urtherm ore, he was a b le  to  in c r e a s e  s u r v iv a l  o f  th e  i r r a d ia t e d  
c e l l s  by  th e  a d d it io n  o f  ch lo ra m p h en ico l o r  6 -a% au racil a t  an i n t e r v a l  
o f  t im e  a f t e r  i r r a d i a t i o n .  He b e l ie v e d  th a t  some p r o te in  and RNA 
s y n t h e s is  was n e c e s s a r y  f o r  r e c o v e r y , H arold  and Z ip o r in  (1 9 5 8 a ) and
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Sawada and S u su k i ( I 9 6 I )  found  t h a t  a s m a ll  amount o f  p r o t e in  s y n t h e s is  
was a p r e r e q u is i t e  f o r  t h e  resu m p tio n  o f  DNA s y n t h e s is  and r e c o v e r y .  
Doudney and Haas ( I 96O) found t h a t  th e  m u ta tio n  fre q u en c y  co u ld  be low ered  
m arked ly  by th e  a d d it io n  o f  t h e s e  i n h i b i t o r s .
O kagaki ( I 96O) found t h a t  o f  th e  se v e n  s t r a in s  o f E. c o l i  t e s t e d ,  
o n ly  w ith  E. c o l i  B was r e c o v e r y  enhanced b y  th e  a d d it io n  o f  chloram ­
p h e n ic o l  a t  some in t e r v a l  a f t e r  i r r a d ia t io n .  S in c e  t h i s  t h e o r y  o f  
d ea th  by "unbalanced c y to p la sm ic  growth" i s  based  upon th e  f a c t  th a t  
DNA s y n t h e s is  i s  in h ib i t e d  by UV i r r a d i a t i o n ,  S tu y 's  (1 9 5 8 ) work r e p r e ­
s e n t s  a c o n t r a d ic t io n  o f  t h i s  th e o r y . He found t h a t  th e r e  was no 
i n h i b i t i o n  o f  DNA s y n t h e s is  when B a c i l lu s  c e reu s was ir r a d ia t e d  w ith  a 
d o sa g e  th a t  produced 99.7%  k i l l .  S tu y  (1 9 5 9 ) o b ta in e d  a d d it io n a l  d a ta  
w hich d id  n o t su p p o rt th e  th e o r y  t h a t  UV d eath  was due t o  u n b alan ced  
grow th . I t  m ust be remembered th a t  t h e  organ ism s em ployed i n  t h e s e  
v a r io u s  ex p er im en ts  d i f f e r e d  and i t  i s  w e l l  e s t a b l i s h e d  th a t  d i f f e r e n c e s  
i n  t h e  g e n e t ic  c o n s t i t u t io n  o f  th e  organ ism s a f f e c t  th e  UV s e n s i t i v i t y  
o f  th e  o rg a n ism s. D eer in g  (1 9 5 8 ) found t h a t  UV tr e a tm e n t o f  E. c o l i  B 
r e s u l t e d  i n  an im m ediate i n h i b i t i o n  o f  d i v i s i o n ,  but th e  t o t a l  m ass,
RNA, and DNA s y n t h e s is  c o n tin u e d  a t  n e a r ly  th e  same r a te  as d iv id in g  
c e l l s .  On th e  o th e r  hand, K e ln er  (1 9 5 3 ) found t h a t  DNA s y n t h e s is  was 
im m ed ia te ly  in h i b i t e d .  However, K e ln er  em ployed E. c o l i  B /r ,  (w h ich  i s  
known a s  a UV r e s i s t a n t  s t r a i n ) .  E x p er im en ta l d a ta  o f O kagaki, T su b ata , 
and S ib a ta n i ( I 9 6 O) and G a lla n t  and S u sk in d  ( I 9 6 I )  c o n tr a d ic t  th e  t h e o iy  
th a t  d ea th  ca u sed  b y  u l t r a v i o l e t  i r r a d i a t i o n  i s  due to  su b seq u en t u n b a l­
a n ced  grow th , S tu y  ( I 9 6 O) rea ch ed  t h e  c o n c lu s io n  th a t  k i l l i n g  o f  
a c t i v e l y  grow ing c e l l s  i s  a t t r ib u t a b le  m a in ly  t o  th e  e x te n t  o f  DNA
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damage and th e  le n g th  o f  tim e n e c e s s a r y  f o r  r e p a ir ,  and th a t  th e  i n h i b i ­
t i o n  o f  DNA s y n t h e s is  was a se co n d a ry  e f f e c t .  He h y p o th e s iz e d  t h a t  
i r r a d i a t i o n  may a c t i v a t e  d e s o x y r ib o n u c le a s e ,  Hanawalt and B ie h le r  (I9 6 0 )  
p ro p o sed  th a t  th e  phenomenon o f  p h o t o r e a c t iv a t io n  in v o lv e d  a r e p a ir  o f  
DNA i n t e g r i t y  r a th e r  th a n  resu m p tio n  o f  DNA s y n t h e s is .
In  any d is c u s s io n  co n c er n in g  t h e  m echanism  o f  r a d ia t io n  e f f e c t s ,  
e x p la n a t io n s  d e a l in g  w ith  th e  k i n e t i c s  o b served  must be c o n s id e r e d . In  
th e  m ain , two ty p e s  o f  d o s e - s u r v iv a l  cu rv es  have b een  o b ta in e d ; exponen­
t i a l  and s ig m o id a l .  When an e x p o n e n t ia l  cu rv e  i s  o b ta in e d  i t  i s  e v id e n c e  
th a t  th e  f r a c t io n  k i l l e d  by a g iv e n  in crem en t o f  d o se  rem ains c o n s ta n t  
th ro u g h o u t t h e  i r r a d i a t i o n  p e r io d . A s ig m o id a l s u r v iv a l  curve r e s u l t s  
when th e  f r a c t io n  o f  organ ism s k i l l e d  i s  l e s s  a t  sm a ll d o se s  compared 
t o  la r g e r  d o s e s .  Rahn (1 9 2 9 ) h y p o th e s iz e d  th a t  th e  s i z e  o f  th e  b a cter iu m  
d eterm in ed  th e  ty p e  o f  k i l l i n g  cu rv e  w hich  was o b ta in e d . He con clu d ed  
th a t  i f  t h e  number o f  e s s e n t i a l  m o le c u le s  in  th e  c e l l  w hich  had t o  be 
in a c t iv a t e d  f o r  d ea th  t o  o ccu r  was o n e , d ea th  was lo g a r ith m ic ,  w h erea s, 
i f  th e  number w ere two o r  t h r e e ,  th e n  th e  cu rve "resembles** lo g a r ith m ic  
d e a th . I f  th e  number was more th a n  th r e e  a p e r io d  o f  no d ea th  was 
fo llo w e d  by a sh o r t  p e r io d  o f  ra p id  d e a th , W ycoff (1 9 3 2 ) su g g e s te d  
t h a t  an e x p o n e n t ia l  cu rve in d ic a te d  t h a t  th e  a b s o r p t io n  o f  a s in g l e  
quantum i n  a v i t a l  s t r u c t u r e  was s u f f i c i e n t  t o  k i l l  th e  c e l l .  G ates  
( 1929b) and R e n ts c h le r ,  Nagy, and M ourom seff (1 9 4 1 ) b e l ie v e d  t h a t  th e  
r e la t io n s h ip  b etw een  th e  amount o f  UV i r r a d i a t i o n  and th e  p e r c e n ta g e  
o f  k i l l  was d eterm in ed  by th e  d i s t r i b u t i o n  o f  b a c t e r ia  o f  d i f f e r e n t  
r e s i s t a n c e  to  th e  i r r a d i a t i o n ,  r a th e r  th a n  due to  th e  h i t t i n g  o f  a 
v i t a l  s p o t  by a p h o to n . They th o u g h t t h a t  th e  age and m e ta b o lic  a c t i v i t y
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o f  th e  in d iv id u a l bacterium  was a factor»  Lea (1947) m aintained th a t  
th e  ir r a d ia t io n  o f  clumps o f  c e l l s  and a lso  ir r a d ia t io n  on a n u tr ie n t  
medium were fa c to r s  re sp o n sib le  fo r  the p roduction  o f  a sigm oid a l curve. 
However, W itkin (1946) employed th e  same experim ental tech n iq u es  w ith  
each organism  and observed  ex p o n en tia l s u r v iv a l curves w ith  E. c o l i  B 
but s ig m o id a l curves w ith  s tr a in  B /r , Morse and C arter (1949) announced 
th a t  exam ination o f  th e DNA content o f  s t r a in s  B and B /r rev ea led  th a t  
c e l l s  o f  E. c o l i  B /r con ta in ed  3 -4  tim es as much DNA a s  c e l l s  o f  the  
B s tr a in  (exam ination  was made during e a r ly  phases o f  growth) and th ey  
ex p la in ed  th e d if fe r e n c e s  in  r e s is ta n c e  between the two s tr a in s  on th e  
b a s is  o f  d if fe r e n c e s  in  n u c le ic  a c id  con cen tration s»  Harold and 
Z iporin  (1958b) and A lper and G i l l i e s  (I9 6 0 ) f a i l e d  to  confirm  th e  
r e s u lt s  o f  Morse and C arter. Clark (1952) found th a t s t r a in  B /r had 
g rea ter  c a ta la se  a c t i v i t y  than s t r a in  B and th a t t h is  f a c to r  ex p la in s  
in crea sed  r e s is ta n c e  o f  B /r to  th e  to x ic  e f f e c t s  o f  su b str a te s  tr e a te d  
w ith  l i g h t  or hydrogen p erox id e . However, he was unable t o  show th a t  
c e l l s  ir r a d ia te d  in  the p resen ce o f  c a ta la se  showed g r ea te r  r e s is ta n c e  
than th o se  not ir r a d ia te d  in  the presen ce o f c a ta la s e .  Wyss ^  a l
( 1948) reported  th a t  the a c t io n  o f  hydrogen peroxide on su b s tr a te s  r e su lte d  
in  the form ation o f  to x in s  and th a t  th e  t o x ic i t y  was not due to  th e  
a c t i v i t y  o f  hydrogen p eroxid e p er s e . C ata lase decomposes hydrogen  
p erox id e and th u s decomposes th e  products in  eq u ilib r iu m  w ith  i t .
C a ta la se  i t s e l f  has no dem onstrable e f f e c t  in  p r o te c tin g  c e l l s  from  
th e  l e t h a l  e f f e c t s  o f  d ir e c t  UV ir r a d ia t io n ,  Payne e t  ^  (1956) 
s tu d ied  the c y to lo g y  o f  U V -irrad iated  E. c o l i  B and two r e s is ta n t  
m utants, B /r and B/F. They concluded th a t  a l t e r a t io n s  in  the chrom atin
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o b se r v e d  was p r o b a b ly  a seco n d a ry  co n seq u en ce  o f  f a i l u r e  o f  a homeo­
s t a t i c  m echanism  w h ich  r e g u la t e s  th e  io n ic  m e lie u  w ith in  th e  c e l l .
They b e l ie v e d  t h a t  th e  i n h i b i t i o n  o f  c e l l  d i v i s i o n  was a l s o  a seco n d a ry  
e f f e c t .  T h e ir  r e s u l t s  le a d  them t o  b e l i e v e  th a t  th e  d i f f e r e n c e s  i n  
th e  s e n s i t i v i t y  o f  th e  p a ren t and m utant s t r a in s  may be due to  g r e a t e r  
e f f i c i e n c y  o f  r e p a r a t iv e  f o r c e s  i n  th e  r e s i s t a n t  s t r a in s  r a th e r  th an  to  
d i f f e r e n c e s  i n  v u l n e r a b i l i t y  t o  p rim ary  damage. S in c e  W itk in s d is c o v e r y  
o f  th e  d i f f e r e n c e  i n  th e  ty p e  o f  s u r v iv a l  cu rve  o b ta in e d , s e v e r a l  groups  
o f  w ork ers have found t h a t  th e y  co u ld  a l t e r  th e  ty p e  o f  curve from  
e x p o n e n t ia l  t o  s ig m o id a l and v ic e - v e r s a  by e x p e r im e n ta l v a r ia t io n .  
R o b erts  and A ldous (1 9 4 9 ) o b ta in e d  s ig m o id a l cu rv es  by p la t in g  E. c o l i  
B on s y n t h e t ic  m ed ia , W eatherwax (1 9 5 6 b ) found t h a t  by p la t in g  E. c o l i  
B on n u tr ie n t  a g a r  p l a t e s  w ith  a pH o f  5 .0  s ig m o id a l c u r v e s  r a th e r  th an  
e x p o n e n t ia l  cu rv es  co u ld  be o b ta in e d , E ngel and A d ler  ( 196O) o b ta in e d  
an e x p o n e n t ia l  s u r v iv a l  cu rv e  w ith  E. c o l i  grown i n  a p en ton e medium 
b u t i f  th e  organ ism s were grown i n  a  p ep to n e  medium supplem ented  w ith  
g lu c o s e ,  th e y  o b ta in e d  a s ig m o id a l c u r v e , A lp er and G i l l i e s  ( I 96O) 
fou nd  th a t  a s ig m o id a l cu rve  r e s u l t e d  I f  B /r  was p la t e d  on a com p lete  
medium a f t e r  i r r a d i a t i o n  but i f  t h e y  p la te d  UV ir r a d ia t e d  B /r  on a 
s y n t h e t ic  medium an e x p o n e n t ia l  curve r e s u l t e d .  They a ls o  fou nd  th a t  
s u r v iv a l  o f  E. c o l i  s t r a in s  B and B /r  was th e  same on th e  s y n t h e t i c  
medium. T h e ir  d a ta  s u g g e s te d  t o  them th a t  one quantum o f  en erg y  
ab sorb ed  in  a c e l l  may be s u f f i c i e n t  t o  a f f e c t  a  s y n t h e t ic  pathw ay and 
t h a t  d e a th  r e s u l t s  i f  th e  i r r a d ia t e d  c e l l s  a re  p la t e d  on a s y n t h e t ic  
medium but th a t  when com plex f a c t o r s  a re  p r e s e n t  in  th e  medium, o th e r  
a l t e r n a t i v e  pathw ays o f  s y n t h e s is  can  be u sed  so th a t  i t  i s  n e c e s s a r y
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f o r  s e v e r a l  s t e p s  i n  a s y n t h e t i c  c h a in  to  be a f f e c t e d  b e fo r e  d e a th  w i l l  
o c c u r . They e x p la in e d  th e  d i f f e r e n c e s  i n  r e s i s t a n c e  o f  s t r a in s  B and 
B /r  t o  d i f f e r e n c e s  in  m e ta b o lic  pathw ays le a d in g  t o  c e l l  d i v i s i o n  in  
th e  p r e s e n c e  o f  o r g a n ic  n u t r ie n t s .
O b se r v a tio n s  o f  c o n d it io n s  fo l lo w in g  i r r a d ia t io n  o f  c e l l s  have  
r e v e a le d  o th e r  e f f e c t s  i n  a d d it io n  to  t h o s e  a lr e a d y  m en tion ed . D ra k u lic
( 1 9 5 9 ) ,  and D r a k u liS , S t a v r i6  and Smit ( 196I )  found th a t  in c o r p o r a t io n  
o f  a d en in e  was h ig h e r  i n  th e  su p ern a ta n t f r a c t io n  and lo w er  i n  th e  
r ib o n u c le o p r o te in  p a r t i c l e s  o f  i r r a d ia t e d  b a c t e r ia  compared to  u n ir r a d ia te d  
c o n t r o l s .  They s t a t e d  t h a t  t h i s  m o d if ic a t io n  may be due t o  in co m p le te  
fo r m a tio n  o f  th e  R N A -protein  com plex. T h is  f r a c t io n  o f  RNA was found  
t o  be " u n sta b le"  and m e t a b o l i c a l ly  d e f e c t i v e ,  H o lla en d er  (1 9 4 3 ) and 
Beckhorn (1 9 5 2 ) r e o o r te d  an in c r e a s e  in  th e  la g  p e r io d  was d i r e c t l y  
r e la t e d  to  th e  UV d o sa g e , Webb and Loofbourow ( 1 9 4 7 ) ,  Loofbourow  
( 1 9 4 7 ) ,  and Loofbourow  _et ^  (1 9 4 7 ) and B i l l e n  (1 9 5 7 ) have s tu d ie d  th e  
r e l e a s e  o f  c e l l u l a r  com ponents by UV ir r a d ia t e d  c e l l s ,  Swenson and  
G ie se  (1 9 5 0 ) showed th a t  th e  m echanism  o f  en zy m a tic  a d a p ta t io n  o f  g a la c t o s e  
fe r m e n ta t io n  in  Saccharom yces c e r e v i s i a e  was damaged by UV i r r a d ia t io n .  
D eer in g  (1 9 5 8 ) and E arner and Cohen (1 9 5 6 ) o b serv ed  f ila m e n t  fo r m a tio n  
by i r r a d ia t e d  c e l l s .  Payne e^  a l  (1 9 5 6 ) and Hartman e t  a l  (1 9 5 5 )  
p erform ed  c y t o l o g ic a l  a n a ly s i s  o f  UV ir r a d ia t e d  c e l l s .
In  s p i t e  o f  th e  m u lt itu d e  o f  r e s e a r c h  w hich  has been done i n  th e  
f i e l d  o f  i r r a d ia t io n  (much o f  th e  work h as been done w ith  b a c t e r ia )  
r e l a t i v e l y  n o th in g  i s  known re g a rd in g  th e  e f f e c t s  o f  UV l i g h t  on th e  
S h i g e l l a e . Sharp (1 9 3 9 )  found t h a t  th e  range in  th e  in c id e n t  en erg y  
(ergs/m m ^) r e q u ir e d  t o  k i l l  0̂% o f  th e  n o n -sp o re  form ers was b etw een
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l6 8  ergs/mm^ ( S h i g e l l a  p a r a d y s e n te r ia e ) and 337 ergs/mm^ ( Coryne-  
b a cter iu m  d ip h t h e r ia e ) . L a ta r je t  (1 9 4 3 a ) found t h a t  th e  tem p eratu re  
o f  in c u b a t io n  a f t e r  i r r a d i a t i o n  a f f e c t e d  th e  s u r v iv a l .  A lo w e r  tem pera­
t u r e  fa v o r e d  th e  s u r v iv a l  o f  y e a s t  but th e  s u r v iv a l  o f  "Bacterium  
p a r a d y s e n te r ia e " ( S h i g e l l a  f l e x n e r i ) was d e c r e a se d  when ir r a d ia t e d  c e l l s  
w ere in c u b a te d  a t  5 C r a th e r  th a n  a t  th e  optimum grow th tem p era tu re , 
L a ta r je t  (1 9 4 3 b ) found th e r e  was no d i f f e r e n c e  i n  th e  s u r v iv a l  o f  
" p a ra d y sen tery  b a c i l l u s  Y6R" w h eth er exp osed  to  i o n iz in g  or n o n -io n ­
i z i n g  r a d ia t io n s ,  M ukherji (1 9 5 2 ) o b se rv ed  th a t  th e  gram r e a c t io n  o f  
d y s e n t e r ia e  was changed from  n e g a t iv e  t o  p o s i t i v e  a f t e r  fo u r  hours  
o f  UV i r r a d i a t i o n .  H ow ard-Flanders and A lp er  (1 9 5 7 ) em ployed S . f l e x n e r i  
i n  a s tu d y  d e a l in g  w ith  th e  s e n s i t i v i t y  o f  m icroorgan ism s to  i r r a d ia t io n  
under c o n t r o l le d  g a s  c o n d it io n s ,  H ow ard-Flanders and Moore (1 9 5 8 )  
em ployed S . f l e x n e r i  i n  a s tu d y  t o  d e term in e  th e  e f f e c t s  o f  X - ir r a d ia — 
t i o n  and a l s o  th e  t im e  i n t e r v a l  w it h in  w hich  in ju r y  to  b a c t e r ia  co u ld  
be m o d if ie d  by d i s s o lv e d  o xygen . They ch o se  S . f l e x n e r i  b eca u se  o f  i t s  
h ig h  r a te  o f  gas ex ch a n g e . A lp er  and G i l l i e s  (1 9 5 8 a ) compared th e  s u r v iv a l  
o b ta in e d  by p o s t - i r r a d ia t i o n  p la t in g  o f  D ifc o -B a c to  n u tr ie n t  agar  and 
O xoid B lood  Base a g a r . They fou nd  t h a t  s u r v iv a l  o f  E, c o l i  B was 
g r e a t e r  on  th e  D ifc o -B a c to  n u tr ie n t  a g a r  th an  on th e  O xoid B lood Base 
a g a r  a f t e r  UV i r r a d i a t i o n .  They a l s o  found t h a t  E. c o l i  B c e l l s  r e c o v e r e d  
t o  a  g r e a t e r  e x te n t  on th e  D ifc o -B a c to  n u t r ie n t  agar a f t e r  ex p o su re  to  
X - ir r a d ia t io n  w h eth er  th e y  w ere  ex p o sed  i n  th e  p r e s e n c e  o r  a b sen ce  o f  
o x y g en . They t e s t e d  o th e r  b a c t e r ia  in c lu d in g  S , f l e x n e r i  Y6R to  d e te r ­
m ine i f  th e  r e s u l t s  th e y  o b ta in e d  w ere o f  a g e n e r a l  n a tu r e . T h is s t r a i n  
o f  S h i g e l l a  d id  n o t g iv e  s im i la r  r e s u l t s  t o  th o s e  o b ta in e d  w ith  E, c o l i
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B, P eacock  ( I 96I )  in v e s t ig a t e d  th e  c h o n ic a l  n r o t e c t io n  and c h e m o re su sc i-  
t a t i o n  o f  s e v e r a l  s t r a i n s  o f  S h i g e l l a  s o n n e i .
In  v iew  o f  p a u c i t y  o f  in fo r m a t io n  co n cern in g  th e  e f f e c t s  o f  u l t r a ­
v i o l e t  i r r a d i a t i o n  o f  th e  S h i g e l l a e , i t  w as f e l t  t h a t  s tu d ie s  on th e  
e f f e c t  o f  UV l i g h t  on S . s o n n e i ,  even  o f  a q u a l i t a t i v e  n a tu r e , m ight 
be o f  im p o rta n ce . A s tu d y  o f  f a c t o r s  w h ich  a f f e c t  th e  s e n s i t i v i t y  o f  
U V -ir r a d ia te d  S . so n n e i and th e  r e c o v e r y  o f  S . s o n n e i a f t e r  i r r a d ia ­
t i o n  was p erform ed . I n  a d d it io n ,  we p erform ed  ex p er im en ts  to  d e term in e  
p h y s io lo g ic a l  ch an ges (u s in g  o x id a t io n  o f  v a r io u s  s u b s tr a te s  a s  t h e  
c r i t e r i o n )  in d u ced  by UV l i g h t .  The c h o ic e  o f  e x p e r im e n ta l c o n d it io n s  
w a s, f o r  th e  m ost p a r t ,  b ased  on p ro ced u res  u sed  by o th e r  w ork ers .
V a r ia t io n s  in  t h e  tre a tm e n t and te c h n iq u e s  em ployed p r io r  to  
i r r a d ia t io n  o f  th e  o rg a n ism s in f lu e n c e d  th e  r e sp o n se  o f  th e  organism  
to  th e  e f f e c t s  o f  i r r a d i a t i o n .  The p h y s io lo g ic a l  age o f  th e  organism  
has b een  shown by many w orkers t o  have a b ea r in g  on  th e  s e n s i t i v i t y  
o f  t h e  organ ism s t o  r a d ia t io n s .  Many w orkers r e p o r te d  th a t  t h e  c e l l s  
p o s s e s s e d  g r e a t e s t  s e n s i t i v i t y  t o  UV i n  th e  lo g a r ith m ic  p h a se  and an  
in c r e a s e d  r e s i s t a n c e  i n  th e  maximum s t a t io n a r y  p h a se  (G a te s , 1929a;
W itk in , I 9 5 I ;  Durham and W yss, 1956; A lp er and G i l l i e s ,  1958b; Wood- 
s i d e ,  G oucher, and K o c h o la ty , I 9 6 O ), W itk in  (1 9 5 1 ) found th a t  maximum 
r e s i s t a n c e  o ccu rred  d u r in g  th e  la g  p h a se , H o lla e n d e r  and C laus (1 9 3 6 )  
r e p o r te d  t h a t  se v e n -h o u r  o ld  s la n t  c u ltu r e s  o f  E, c o l i  were more r e s i s t a n t  
t o  UV l i g h t  th a n  vjere f i f t e e n - h o u r  o ld  c u l t u r e s .  They a cco u n ted  f o r  
t h e i r  r e s u l t s  by th e  o b s e r v a t io n  t h a t  10% o f  th e  c e l l s  were d o u b le  
( i n  p a ir s )  in  th e  se v e n -h o u r  o ld  c u l t u r e s .  S t a p le t o n  (1 9 5 5 ) found  
v a r i a t io n s  i n  th e  s e n s i t i v i t y  o f  E. c o l i  to  X -r a d ia t i o n .  He found
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t h a t  c e l l s  in  th e  la g  and maximum s ta t io n a r y  p h a se s  w ere o f  a p p r o x i­
m a te ly  e q u a l s e n s i t i v i t y ^  w h ile  c e l l s  i n  t h e  lo g a r ith m ic  p h a se  e x h ib it e d  
a much g r e a te r  s e n s i t i v i t y .  G ie s e  ^  ^  (1 9 5 7 )  and E lk in d  and S u tto n
( 1 9 5 9 ) r e p o r te d  th a t  th e  r e s i s t a n c e  o f  y e a s t  c e l l s  in  th e  lo g a r ith m ic  
p h a se  was g r e a te r  th an  th o s e  in  th e  maximum s t a t io n a r y  p h a se .
Growth i n  th e  p r e se n c e  o f  some c e r t a in  c h e m ic a ls  p r io r  t o  i r r a d ia ­
t i o n  has been  shown t o  a l t e r  th e  s e n s i t i v i t y  o f  t h e  organ ism s t o  su b se ­
quent r a d ia t io n  tr e a tm e n t . Chrom obacterium  v io la c e u m , E. c o l i  and 
S ta p h y lo c o c c u s  a u reu s  grown i n  th e  p r e se n c e  o f  sodium  a z id e  w ere  p r o te c te d  
a g a in s t  th e  l e t h a l  e f f e c t s  o f  r a d ia t io n  (B erg er  e t  1 9 5 3 ) . Ogg,
A d le r , and Z e l le  (1 9 5 6 )  w ere a b le  t o  in c r e a s e  th e  r e s i s t a n c e  o f  E, c o l i  
K12 to  UV l i g h t  tr e a tm e n t  by grow ing t h e  organ ism  i n  t h e  p r e se n c e  o f  
hemin p r io r  t o  i r r a d i a t i o n .  Growth o f  A s ta s ia  lo n g a  i n  th e  p r e se n c e  o f  
c y s t e in e  c o n fe r r e d  an in c r e a s e d  r e s i s t a n c e  t o  UV ir r a d ia t io n  (S ch o en b o m , 
1 9 5 6 ) .  Durham and ¥ y s s  (1 9 5 6 ) r e p o r te d  n o n - in h e r it e d  ir r a d ia t io n  
r e s i s t a n c e  r e s u l t e d  when E, c o l i  B was grown in  th e  p r e se n c e  o f  s a l t s  
o f  m onovalent c a t io n s .  They a s s o c ia t e d  th e  in c r e a s e  i n  r e s i s t a n c e  w ith  
th e  a b i l i t y  o f  th e  c e l l s  t o  b e t t e r  r e s t r a i n  th e  le a k a g e  o f  n u c le o s id e s  
f o l lo w in g  th e  r a d ia t io n  damage ( B i l l e n ,  1957; Loofbourow e t  1 9 4 7 ) .
M o d if ic a t io n s  o f  r a d ia t io n  damage h as a l s o  b een  r e p o r te d  to  be 
d ep en d en t upon en v iro n m e n ta l c o n d it io n s  p r io r  t o  tr e a tm e n t . R ob erts  
and A ld ou s (1 9 4 9 ) h ave shown th a t  r e s t i n g  c e l l s  o f  E. c o l i  B grown in  
b ro th  ( f i n a l  pH 8 ) w ere much l e s s  s e n s i t i v e  t o  UV th a n  r e s t i n g  c e l l s  
grown i n  g lu c o s e  b ro th  ( f i n a l  pH 5 . 5 ) .  E n g e l and A d ler  ( 196O) found  
t h a t  s i x  s t r a in s  o f  E . c o l i , in c lu d in g  E. c o l i  B, w ere more r e s i s t a n t  
t o  UV l i g h t  when grown i n  p ep ton e medium su p n lem en ted  w ith  g lu c o se  th a n
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when grown i n  s im p le  p ep to n e  medium. They b e l ie v e d  t h a t  th e  mechanism  
o f  in d u ced  r e s i s t a n c e  was d ep en d en t upon th e  f i n a l  oH o f  th e  grow th  
medium. S ta p le to n  and E n gel ( 1 9 6 O) found t h a t  th e  f i n a l  pH o f  th e  
u n b u ffe r e d , 1% p ep to n e  b ro th  was 8 .4  a s  compared t o  a f i n a l  pH o f  4 . S 
fo r  th e  1^ p ep to n e  b u ffe r e d  b ro th  c o n ta in in g  g lu c o s e .  A lt e r a t io n s  in  
th e  b a se  c o m p o s it io n  o f  DNA and i n  t h e  r e l a t i v e  amount o f  n u c le ic  a c id s  
have a ls o  been  shown to  in f lu e n c e  th e  s e n s i t i v i t y  t o  UV i r r a d i a t i o n .
G reer ( I 96O) fou nd  t h a t  t h e  s e n s i t i v i t y  o f  E . c o l l  s t r a in s  15 T~ and 
B T" in c r e a s e d  p r o p o r t io n a t e ly  t o  th e  e x te n t  o f  5 -b ro m o u ra c il in c o r p o r a ­
t i o n  in t o  t h e i r  DNA. He was u n a b le  t o  o b ta in  s im i la r  r e s u l t s  when th e  
in h i b i t o r  was n o t in c o r p o r a te d  in t o  c e l l u l a r  DNA o r  w ith  b a c t e r ia  s ta r v e d  
f o r  thym ine i n  th e  a b se n ce  o f  5 -b r o m o u r a c il. G a lla n t  and S u sk in d  ( I 96I )  
found t h a t  mean l e t h a l  d o se  o f  UV l i g h t  fo r  E. c o l i  s t r a in  B3 d e c r e a se d  
a f t e r  grow th o f  th e  organ ism  i n  a th y m in e le s s  medium a t  25 C. At 25 C, 
even  th ough  thym ine was a b se n t  and p r o te in  and RNA s y n t h e s is  c o n t in u e d ,  
d ea th  due t o  u n b a lan ced  grow th d id  n o t o c c u r . T h ^  c o r r e la t e d  in c r e a s e d  
s e n s i t i v i t y  w ith  a d e c r e a s e  in  th e  D N A /protein  r a t i o .  Weed and Long­
f e l lo w  ( 1 9 5 4 ) s tu d ie d  m o r p h o lo g ic a l and b io c h e m ic a l ch an ges w h ich  w ere  
in d u ced  by copper i n  a p o p u la t io n  o f  E. c o l i . They found t h a t  t h e  r a t io  
o f  DNA/RNA o f  in d u ced  v a r ia n t s  was n e a r ly  tw ic e  th a t  o f  norm al c e l l s .
The co p p er  m utant p o s s e s s e d  a much g r e a t e r  r e s i s t a n c e  t o  UV l i g h t  th a n  
t h e  norm al E . c o l i  c e l l s .  Pardee and P r e s t id g e  (1 9 5 8 )  were a b le  t o  
in c r e a s e  th e  DNA c o n te n t  in  r e l a t i o n  t o  th e  RNA and p r o t e in  c o n te n t  o f  
E. c o l i  B by grow ing th e  c e l l s  i n  th e  p r e se n c e  o f  b e t a -2  t h ie n y la la n in e  
(BTA). They found t h a t  c e l l s  grown i n  th e  p r e se n c e  o f  BTA fo r  90  
m in u te s  w ere more r e s i s t a n t  t o  UV l i g h t  th a n  w ere norm al c e l l s ,  G ie se
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and Reed (1 9 4 0 )  found t h a t  s ta r v e d  Param ecia  w ere more s e n s i t i v e  to  UV 
l i g h t  th an  norm al c e l l s .  G ie s e  e t  ^  (1 9 5 7 )  r e o o r te d  t h a t  y e a s t  c e l l s  
s ta r v e d  f o r  n i t r o g e n  w ere more s e n s i t i v e  t o  UV l i g h t  th a n  when s ta r v e d  
f o r  g lu c o s e .  They a l s o  found t h a t  y e a s t  c e l l s  w ashed f r e e  o f  o r g a n ic  
n u tr ie n t s  and a e r a te d  f o r  17 h ou rs had a g r e a te r  r e s i s t a n c e  to  UV l i g h t  
th a n  a c u l t u r e  j u s t  o u t o f  th e  lo g a r ith m ic  phase* but n o t a s  g r e a t  a s  
y e a s t  c e l l s  i r r a d ia t e d  i n  th e  lo g a r ith m ic  p h a se . They co n c lu d ed  t h a t  
t h e s e  r e s u l t s  in d ic a t e  t h a t  s t a r v a t io n  a lo n e  was n o t d e l e t e r i o u s .  
W eatherwax (1 9 5 6 a , 1961) found t h a t  E. c o l i  cou ld  be d e s e n s i t iz e d  to  
UV l i g h t  by p r e - i r r a d ia t io n  ex p o su re  t o  r e a c t iv a t in g  v i s i b l e  l i g h t .  
R e n tsc h le r  (1 9 4 1 )  found t h a t  th e r e  was an in c r e a s e  in  th e s e n s i t i v i t y  o f  
b a c t e r ia  t o  UV l i g h t  i f  t h e  c e l l s  were f i r s t  in ju r e d  by ex o o su re  t o  h e a t ,  
G renzrays o r  hard X -r a y s ,
Changes i n  th e  environ m ent in  w hich organ ism s a r e  i r r a d ia t e d  
have n o t u s u a l ly  r e s u l t e d  i n  changes i n  th e  r e a c t io n  o f  th e  organ ism s  
t o  UV i r r a d i a t i o n .  B ayn e-Jon es and Van d er  L ingen  (1 9 2 3 ) and G ates  
( 1929b) v a r ie d  th e  pH o f  th e  medium in  w hich c e l l s  were ir r a d ia t e d  and 
th e y  r e p o r te d  th a t  pH v a lu e s  b etw een  4« 5 and 9 had no in f lu e n c e  on  
s u r v iv a l .  H owever, a t  a pH below  4*6 t h e r e  was a d e c r e a se  i n  r e s i s t a n c e .  
H einm ets and T a y lo r  (1 9 5 1 ) found th a t  t h e  p r e se n c e  o f  d i s s o lv e d  oxygen  
in c r e a s e d  th e  in a c t i v a t i o n  r a te  o f  b a c t e r ia  by UV l i g h t .  In  th e  l a s t  
t e n  y e a r s  o r  so  a g r e a t  d e a l  o f  work h as been  perform ed on t h e  e f f e c t s  
o f  ch em ica l a g e n ts  r e g a r d in g  t h e i r  a b i l i t y  t o  p r o t e c t  organism s a g a in s t  
both  i o n i z i n g  and UV i r r a d i a t i o n .  Many c h e m ic a ls  p r o te c t  due t o  th e  
f a c t  t h a t  th e y  ab sorb  g r e a t  q u a n t i t i e s  o f  th e  i r r a d i a t i o n .  Some c h e m ic a ls  
may p r o t e c t  i r r a d ia t e d  c e l l s  b ecau se  o f  t h e i r  a b i l i t y  t o  com bine w ith
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t o x i c  r a d ic a l s  t h a t  a re  form ed (b o th  e x t r a -  and i n t r a c e l l u l a r )  o r  by 
c o m p e tit io n  w ith  th e  t o x i c  r a d ic a l s  f o r  s e n s i t i v e  s i t e s  i n  t h e  organ ism . 
Thompson, M effo rd , and Wyss ( I 95I ) ,  B erger e ^  (1 9 5 3 )?  Schoen b om  
( 1 9 5 6 ) ,  L e if  and H ebert ( i9 6 0 )  and P eacock  ( I 96I )  have r e p o r te d  t h a t  
v a r io u s  compounds p r o t e c t  a g a in s t  UV in j u r y  to  c e l l s .
M o d if ic a t io n  o f  p o s t - i r r a d ia t i o n  p roced u re h as been shown t o  r e s u l t  
i n  changes i n  th e  p e r c e n ta g e  o f  s u r v iv o r s  o b ta in e d . R ob erts and A ldous
( 1 9 4 9 ) s t r e s s e d  t h a t  when com p arison s o f  th e  e f f e c t  o f  ir r a d ia t io n s  
a re  made, t h e  f o l lo w in g  f a c t s  m ust be c o n s id e r e d :  th e  organism  em ployed,
c o n d it io n s  o f  grow th , tim e and i n t e n s i t y  o f  th e  ir r a d ia t io n  and c o n d it io n s  
a f t e r  i r r a d ia t io n  (r e c o v e r y  m edium ), th e  tem p era tu re  o f  in c u b a t io n  and 
th e  t im e  in t e r v a l  betw een  i r r a d ia t io n  and p la t in g .  They w ere a b le  t o  
in c r e a s e  th e  s u r v iv a l  o f  UV ir r a d ia t e d  c e l l s  b y  p la t in g  on a c h e m ic a lly  
d e f in e d  medium ( g l u c o s e - s a l t s )  r a th e r  th an  on n u t r ie n t  agar. A lp er  and 
G i l l i e s  ( i 9 6 0 ) found  s im i la r  r e s u l t s .  R ob erts and A ldous (1 9 4 9 ) w ere  
a b le  t o  d e c r e a s e  th e  number o f  c o lo n y -fo rm in g  i r r a d ia t e d  organ ism s on 
th e  s y n t h e t i c  medium by t h e  a d d it io n  o f  n u tr ie n t  b ro th  ( 1^) t o  th e  
s y n t h e t i c  medium. T hese w orkers r e p o r te d  t h a t  more ra p id  grow th to o k  
p la c e  on th e  n u tr ie n t  a g a r  p l a t e s ,  W ainw right and N e v i l l  (1 9 5 5 ) s t a t e d  
t h a t  t h e  p e r c e n t  s u r v iv a l  was red u ced  when UV ir r a d ia t e d  sp o r es  o f  
S trep to m y o es s t r a i n  T 12 w ere in c u b a te d  in  a p e p to n e  medium. A lp er  and 
G i l l i e s  ( 1958a ) o b ta in e d  g r e a te r  s u r v iv a l  o f  UV ir r a d ia t e d  E. c o ll .  B 
on n u t r ie n t  a gar  th a n  on O xoid B lood b a se  a g a r . They found t h a t  a f t e r  
d i a l y z a t i o n ,  th e  n o n -d ia ly z a b le  f r a c t i o n  gave e q u a l ly  good r e c o v e r y  as 
d id  th e  D ifc o -B a c to  n u tr ie n t  a g a r . They found t h a t  b o th  th e  c h lo r id e  
i o n  and a f a c t o r  a s s o c ia t e d  w ith  p ep to n e  w hich  th e y  w ere u nab le t o
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i d e n t i f y ,  red u ced  th e  s u r v iv a l  when added t o  th e  n u tr ie n t  a g a r . In  
th e  same y e a r  A lp er  and G i l l i e s  (1 9 5 0 b ) found t h a t  in c r e a s in g  th e  con cen ­
t r a t i o n  o f  p ep to n e  i n  n u tr ie n t  agar o r  th e  a d d it io n  o f  sodium  c h lo r id e  
r e s u lt e d  i n  a d e c r e a s e  i n  t h e  p e r c e n t  s u r v iv o r s .  E. c o l i  B had a 
s h o r te r  lo g a r ith m ic  p h ase  and g e n e r a t io n  t im e  i n  n u tr ie n t  broth  c o n ta in in g  
sodium  c h lo r id e  th a n  i n  unsupplem ented  n u tr ie n t  b r o th , and grow th was 
f a s t e r  on th e  o x o id  a g a r  th a n  on  n u tr ie n t  a g a r , A lp er  and G i l l i e s  ( i9 6 0 )  
p o s tu la te d  th a t  su b o p tim a l grow th c o n d it io n s  fa v o r ed  r e c o v e r y  by p r e v e n t in g  
u n b alan ced  grow th . T h e ir  r e s u l t s  su p p o rted  t h i s  l i n e  o f  r e a so n in g  w ith  
one e x c e p t io n ;  t h e y  found  th a t  by h o ld in g  c e l l s  on com p lete  medium a t  
low  tem p e ra tu re s  a f t e r  i r r a d i a t i o n  th e r e  was a g r e a te r  p er c e n ta g e  o f  
th e  i r r a d ia t e d  c e l l s  w hich  d ie d  compared to  c e l l s  w h ich  w ere h e ld  a t  
h ig h e r  te m p e r a tu r e s . C onfirm ing d a ta  w ere o b ta in e d  by Anderson (1 9 4 9 ,
1 9 5 1 ) and S t e in  and M eutzner ( 1 9 5 0 ) .  R ob erts and A ldous (1 9 4 9 ) d id  n o t  
d e t e c t  a  d i f f e r e n c e  in  s u r v iv a l  when th ey  h e ld  p l a t e s  a t  15 o r  2? C 
b e fo r e  in c u b a t io n  a t  37 C. H o lla en d er  and C la u s (1 9 3 7 ) found t h a t  
s i g n i f i c a n t  in c r e a s e s  in  s u r v iv a l  r e s u l t e d  when UV ir r a d ia t e d  c e l l s  
w ere h e ld  i n  d i s t i l l e d  w a te r  o r  p h y s io lo g ic a l  s a l t  s o lu t i o n  b e fo r e  
p l a t i n g .  On th e  o t h e r  hand p ro lo n g e d  ex p osu re  r e s u l t e d  i n  a d e c r e a s e  
i n  th e  number o f  co lo n y -fo r m in g  organ ism s (H o lla e n d e r , 19435 E arner and 
Cohen, 1 9 5 6 ) .  C h a r le s  and Zimmerman (1 9 5 6 ) term ed th e  phenomenon 
"dark" r e a c t iv a t io n  and found t h a t  in c u b a t io n  o f  c e l l s  a t 30 C r e s u l t e d  
i n  th e  g r e a t e s t  r e a c t i v a t i o n  o v er  lo n g  p e r io d s  o f  t im e ,  w hereas h o ld in g  
t h e  c e l l s  a t  35 C p roduced  th e  m ost r e a c t iv a t io n  in  100 m in u te s . A lp er  
and G i l l i e s  ( 196O) fou nd  th a t  th e  c o lo n y -fo r m in g  a b i l i t y  o f  i r r a d ia t e d  
c e l l s  in c r e a s e d  w ith  an in c r e a s e  in  tim e la p s e  b etw een  i r r a d ia t io n  and
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c o n ta c t  w ith  grow th medium up t o  a maximum l e v e l .  W oodside e t  ^
( i 9 6 0 ) found t h a t  maximum r e c o v e r y  o f  E. c o l i  B i n  th e  dark o ccu rred  
w ith in  th r e e  t o  f i v e  h ou rs a f t e r  i r r a d i a t i o n  and was fo l lo w e d  by a d im in ish e d  
v ia b le  co u n t. Doudney (1 9 5 9 ) in c r e a s e d  th e  s u r v iv a l  o f  i r r a d ia t e d  c e l l s  
by ex p o sin g  th e  c e l l s  t o  m e ta b o lic  i n h i b i t o r s  s h o r t ly  a f t e r  i r r a d i a t i o n .  
O th ers have a l s o  r e p o r te d  s im i la r  r e s u l t s  ( G i l l i e s  and Alper^ 1959; A lp er  
and G i l l i e s ,  I 96O; and O kagak i, I 96O ; Doudney 1 9 5 9 ) , Weatherwax
( i 9 6 0 ) r e p o r te d  t h a t  p o s t - i r r a d ia t i o n  s ta r v a t io n  f o r  a r e q u ir e d  amino 
a c id  in c r e a s e d  th e  l e t h a l  e f f e c t s  o f  UV i r r a d i a t i o n .  H einm ets (1 9 5 3 ) ,
S ach er  and W endorf ( 1 9 5 3 ) ,  H einm ets e t  ^  ( 1 9 5 4 ) ,  H einm ets and Lehman
( 1 9 5 5 ) and E l l i s o n  e t  a2 (1 9 5 5 ) o b ta in e d  an in c r e a s e  in  s u r v iv a l  when 
c e l l s  damaged by r a d ia t io n  w ere p la te d  on a g a r  m edia c o n ta in in g  c e r t a in  
m e ta b o l i t e s  o f  th e  t r i c a r b o x y l i c  a c id  (TCA) c y c le  and TCA c o f a c t o r s .
Amino a c id s  and n u c le i c  a c id s  w ere found to  have l i t t l e  e f f e c t  i n  t h i s  
r e s p e c t  (H einm ets and Lehman, 1 9 5 5 ) .
The e f f e c t  o f  pH o f  th e  p o s t - i r r a d ia t i o n  environm ent i s  a n p a r e n t ly  
n o t a g e n e r a l  phenomenon. R ob erts  and A ldous (1 9 4 9 ) found t h a t  th e  pH 
o f  th e  l i q u i d  medium in  w hich  U V -ir r a d ia te d  c e l l s  w ere h e ld  b e fo r e  p la t i n g ,  
had no e f f e c t  on th e  s u r v iv a l ,  S a ch er  and Wendorf (1 9 5 3 ) r e p o r te d  th a t  
th e  in f lu e n c e  o f  pH o n  s u r v iv a l  was dependent unon th e  TCA c y c le  i n t e r ­
m ed ia te  w hich  was p r e s e n t  in  t h e  m inim al a g a r . Weatherwax (1 9 5 6 ) found  
t h a t  s u r v iv a l  in c r e a s e d  as much as 1 ,0 0 0 - f o ld  when the pH o f  th e  p la t in g  
medium was d e c r e a se d  from  8 ,0  to  5 .0 .  A lp er  and G i l l i e s  (1 9 5 8 b ) a ls o  
fou n d  a d e c r e a s e  i n  s u r v iv a l  w ith  an  in c r e a s e  in  th e  pH o f  th e  p la t in g  
medium, K eln er (1 9 4 9 ) r e p o r te d  t h a t  p o s t - i r r a d ia t i o n  exp osu re to  v i s i b l e  
l i g h t  r e s u l t e d  i n  an in c r e a s e  in  th e  number o f  v ia b le  o rg a n ism s. T h is
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phenomenon was term ed  p h o t o r e a c t iv a t io n .
L it e r a t u r e  i s  a v a i l a b l e  r e g a r d in g  changes in d u ced  in  m e ta b o lic  
p r o c e s s e s  b y  r a d ia t io n .  G-iese (1 9 4 1 ) found th a t  a f t e r  low d o se s  o f  
u l t r a v i o l e t  i r r a d i a t i o n ,  th e  r e s o i r a t io n  o f  A chrom obacter f i s h e r i i  was 
eq u a l to  th a t  o f th e  c o n t r o l  fo r  a p e r io d  o f  t im e ,  and then  d e c l in e d .  
The p e r io d  o f  "normal" r e s p ir a t io n  d e c r e a se d  a s  t h e  d osage  in c r e a s e d  
and t h i s  m agnitude o f  t h e  d e c l in e  in c r e a s e d  d i r e c t l y  w ith  th e  d o sa g e .
An a lm ost im m ediate and g r e a t  i n h i b i t i o n  o f  r e s p ir a t io n  r e s u l t e d  when 
th e  organ ism s w ere s u b je c te d  t o  e x tr e m e ly  la r g e  d o se s  o f  i r r a d ia t io n .  
G ie se  and Swanson (1 9 4 7 ) r e p o r te d  t h a t  UV i r r a d ia t io n  r e s u lt e d  in  an 
in c r e a s e  i n  th e  endogenous and a d e c r e a s e  in  th e  exogenous r e s p ir a t io n  
o f  y e a s t  c e l l s .  They em ployed p y r u v a te , g lu c o s e  and a lc o h o l  a s  sub ­
s t r a t e s .  P eacock e and H inshelw ood  (1 9 4 8 ) r e p o r te d  th a t  UV ir r a d ia t io n  
o f  B a c t . l a c t i s  a ero g en o u s r e s u lt e d  in  th e  l o s s  o f  a b i l i t y  t o  u t i l i z e  
ammonia. They co n c lu d ed  th a t  t h e  l i g h t  damaged th e  enzymes n e c e s s a r y  
f o r  t h e  c o n v e r s io n  o f  g lu c o s e  t o  k eto  a c id s .  B randt, Freeman and 
Swenson (1 9 5 1 )  found th a t  r a d ia t io n  in h ib i t e d  th e  s y n t h e s is  o f  enzym es 
bu t t h a t  i t  had no e f f e c t  on preform ed  enzym es. K eln er  (1 9 5 3 ) s tu d ie d  
t h e  e f f e c t  o f  UV i r r a d ia t io n  on th e  r e s p ir a t io n  o f  E, c o l l . The d o sa g e  
u t i l i z e d  r e s u lt e d  i n  a lm o st  t o t a l  "death" o f  th e  c e l l s  as  d e term in ed  
by c o lo n y -fo r m in g  a b i l i t y .  He found th a t  oxygen  consum ption  o f  norm al 
c e l l s  and ir r a d ia t e d  c e l l s  was e q u a l fo r  a p e r io d  and th a t  th e  le n g th  
o f  t h i s  p e r io d  was d ep en d en t upon th e  s u b s tr a te .  No change i n  endo­
genous r e s p ir a t io n  due to  i r r a d ia t io n  was o b se rv ed . B i l l e n ,  S ta p le to n ,  
and H o lla en d er  (1 9 5 3 j exp o sed  E, c o l i  to  X - ir r a d ia t io n .  The number c f  
c e l l s  c a p a b le  o f  c o lo n y  fo r m a tio n  a f t e r  tr e a tm e n t was about 0 . 05^ o f
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th e  number b e fo r e  i r r a d i a t i o n .  They a l s o  o b serv ed  a p e r io d  o f  "normal" 
r e s p ir a t io n  b e fo r e  a d e c l i n e .  Thpy co n d u cted  t h e i r  r e s p ir a t o r y  s t u d ie s  
a t  28 C and found t h a t  i f  th e y  co n d u cted  them 37 C, th e  amount o f  oxygen  
uptake and th e  d u r a t io n  o f  r e s p ir a t o r y  a c t i v i t y  by ir r a d ia t e d  c e l l s  
d ec re a sed  more r e a d i ly  a s  compared t o  th e  a c t i v i t y  o f  ir r a d ia te d  c e l l s  i f  
th e  ex p er im en ts  w ere co n d u cted  a t  28 G. They o b se rv ed  th a t  th e  d u r a tio n  
o f  th e  norm al r e s p ir a t o r y  p e r io d  was s u b s t r a t e  d ep en d en t, and th a t  i t  was 
lo n g e r  on p y ru v a te  and s u c c in a t e  th an  upon g lu c o s e .  The r e s p ir a t io n  
o f  p y ru v a te  b y  th e  T exas s t r a i n  o f  E. c o l i  was im m ed ia te ly  in h ib i t e d .  
H einm ets and Kathan (1 9 5 4 ) a ls o  m easured th e  e f f e c t  o f  UV ir r a d ia t io n  
on b a c t e r i a l  m eta b o lism  and s y n t h e s is .  They r e p o r te d  t h a t  oxygen  u o ta k e  
was a f f e c t e d  th e  m ost in  th e  p r e se n c e  o f  a n i t r o g e n  so u rce  and l e a s t  
a f f e c t e d  i n  th e  p r e se n c e  o f  g lu c o s e .  UV i r r a d ia t io n  in h ib i t e d  th e  uptake  
o f  oxygen  o n ly  s l i g h t l y  i n  t h e  p r e s e n c e  o f  g lu c o s e  but th e  o x id a t iv e  
c a p a c it y  o f  th e  ir r a d ia t e d  c e l l s  was c o m p le te ly  l o s t  in  th e  p r e se n c e  o f  
p y r u v a te , a lth o u g h  a f t e r  a p p ro x im a te ly  two h o u rs th e r e  was a s l i g h t  
resu m p tion  o f  r e s p ir a t io n .  In  th e  p r e se n c e  o f  © V k e to g lu ta r a te  and 
s u c c in a t e ,  i r r a d ia t io n  trea tm en t had a s l i g h t  s t im u la to r y  e f f e c t  on th e  
oxygen  u p tak e by th e  c e l l s .  Roth and E ic h e l  (1 9 5 5 ) found th a t  th e  r e s p ir a ­
t i o n  o f  Tetrahym ena p y r ifo r m is  was s i g n i f i c a n t l y  d ec re a se d  when exp osed  
t o  6 0 0 ,0 0 0  r  o f  i r r a d i a t i o n .  S u c c in ic ,  g lu ta m ic  and m a lic  d eh yd rogen ase  
sy stem s w ere d e p r e s se d  i n  hom ogenates i r r a d ia t e d  w ith  t h i s  d o sa g e .  
I r r a d ia t io n  o f  w hole c e l l s  r e s u l t e d  in  o n ly  m inor changes in  th e  a b i l i t y  
o f  th e  o rgan ism  to  o x id iz e  s u c c in i c  a c id .  S u l l iv a n  (I 9 6 0 )  s tu d ie d  th e  
e f f e c t  o f  UV r a d ia t io n  upon th e  s u c c in ic  d eh y d ro g en a se  a c t i v i t y  i n  
M ycobacterium  l a c t i c o l a  em p loy in g  th e  Thunberg m ethod. He found  th a t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
a f t e r  10  m in u tes  o f  i r r a d i a t i o n ,  th e r e  was a f i f t e e n - m in u t e  p e r io d  o f  
a c t i v i t y  w hich  p a r a l l e l e d  th e  a c t i v i t y  o f  th e  c o n tr o l  but a f t e r  20 t o  
30 m in u tes o f  i r r a d i a t i o n ,  th e  a c t i v i t y  d i f f e r e d  from th e  c o n tr o l  a t  a l l  
t im e s .  S u l l iv a n  and Sparks ( I 9 6 I )  fou nd  t h a t  t h e  s u c c in ic  d eh y d ro g en a se  
a c t i v i t y  was a c c e le r a t e d  a f t e r  UV i r r a d i a t i o n .
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CHAPTER I I  
STATEMENT OF PROBLEM
T h is  i n v e s t i g a t i o n  was u n d erta k en  t o  s tu d y  th e  e f f e c t  o f  u l t r a ­
v i o l e t  l i g h t  on S h ig e l la  s o n n e i a s  w e l l  a s  th e  e f f e c t s  o f  m o d if ic a t io n s  
i n  p r e -  and p o s t - i r r a d ia t i o n  e x p e r im e n ta l c o n d it io n s  and changes in  th e  
environm ent i n  w hich organ ism s w ere i r r a d ia t e d .
A s tu d y  was made on th e  e f f e c t s  o f  u l t r a v i o l e t  i r r a d ia t io n  on th e  
o x id a t iv e  a c t i v i t y  o f  S . s o n n e i .
24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I I  
MATERIALS AND METHODS
I .  GENERAL METHODS AND MATERIALS
(1 )  S t r a in s  o f  S h ig e l la  so n n e i em ployed
Three s t r a in s  o f  S h i g e l l a  so n n e i w ere used  th rou gh ou t t h i s  
in v e s t ig a t io n ;  s t r a i n  5044-59» s u p p lie d  by Dr. W. H. Ewing o f  th e  
L ab oratory  Branch, Communicable D is e a s e  C en te r , U n ited  S t a t e s  P u b lic  
H ea lth  S e r v ic e ,  A t la n ta ,  G eo rg ia ; s t r a in  CH o b ta in e d  from  Dr, H. M.
G ezon, U n iv e r s it y  o f  P it t s b u r g h  S c h o o l o f  M ed ic in e , P it t s b u r g h , P e n n sy l­
v a n ia ; and s t r a in  F -6 , o b ta in e d  from Dr. M. F in la n d , Boston C ity  H o s p ita l ,  
B o sto n , M a ssa c h u se tts . A l l  o f  th e  s t r a in s  w ere i s o l a t e d  from c l i n i c a l  
c a s e s  o f  d y s e n te r y ,
(2 )  M ain t enance j f  c u l t u r e s , c u ltu r e  m ed ia , and g e n e r a l m ethods 
em ployed
B a c t e r ia l  c u ltu r e s  grown on n u tr ie n t  a g a r  s la n t s  w ere p r e se r v e d  
f o r  s e v e r a l  months a t  a tim e by m a in ta in in g  in  t h e  fr o z e n  s t a t e  a t  - 2 0  C, 
S to ck  c u l t u r e s  were m a in ta in e d  in  th e  c h e m ic a lly  d e f in e d  medium o f  E rland- 
son  and Mackey ( 1 9 5 8 ) .  The c o m p o s it io n  o f  th e  E rlandson-M ackey (EM) 
medium and th e  p ro ced u re  f o r  p re p a r in g  i t  a re  d e s c r ib e d  i n  T able I .
The in o r g a n ic  c h e m ic a ls  and g lu c o s e  u sed  were rea g en t grad e; th ia m in e  
HCl and a s p a r t i c  a c id  w ere o b ta in e d  from  N u t r i t io n a l  B io ch em ica ls  C orpora­
t i o n  (NBC) and th e  n ia c in  was o b ta in e d  from Merck and Company, Two- 
t e n t h s  ml. o f  a 2 2 -2 4  hour c u ltu r e  grown in  EM medium was t r a n s fe r r e d  
d a i l y  t o  10 ml o f  f r e s h  medium and in cu b a ted  a t  37 C fo r  24 h o u rs.
P la t e  c o u n tin g  was done on B a c to -n u tr ie n t  a g a r  ( D i f c o ) ,  O n e-ten th
25
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TABLE I
C om p osition  o f  E rlandson-M ackey c h e m ic a lly  
d e f in e d  medium f o r  th e  grow th o f  S h ig e l la
KHgPO^
K2HP0^-3H20 . . .   ................      _  1 5 .25  g
MaCl o a a * a 0 * . C D a a o o . o o
MgSO^'YHgO . . . . . . . . . . .
Thiam in HCl . . . . . . . . . .
N ia c in
D L -A sp a rtic  A cid  . . .
G lu co se
0 0 « 0 0 « « * « 0 4 * 0 0
9 .1 2  g
8 .5 g
0 . 5 g
0 .3 g
0 .01 g
2 .5 g
1 0 .0 g
The c o n s t i t u e n t s  w ere d i s s o lv e d  in  
1000 ml o f  d i s t i l l e d  w a te r . The pH was 
a d ju s te d  t o  7 .0  w ith  50% NaOH o r  concen­
t r a t e d  H^PO^. The medium was d isp e n se d  
in t o  t e s t  tu b e s  o r  er len m ey er  f la s k s  and 
a u to c la v e d  f o r  1 0 -1 5  m in u tes  a t  15 pounds 
o f  p r e s s u r e .
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ml o f  a s p e c i f i e d  d i l u t i o n  o f  th e  organ ism  was so r e a d  u n ifo rm ly  o v er  th e  
s u r fa c e  o f  th e  a g a r  u s in g  a bent g la s s  rod "hockey s t i c k . ”
The c u l t u r e s  w ere checked  p e r i o d i c a l l y  f o r  p u r i ty  by su g a r  ferm en ta ­
t i o n  t e s t s ,  o b s e r v a t io n  o f  c o lo n ie s  on E o s in  M eth ylen e B lue (D ifc o )  
p l a t e s ,  and by th e  gram s t a i n .  D e x tr o se , l a c t o s e ,  s u c r o se , m a lto s e ,  
m a n n ito l, x y l o s e ,  and rhamnose were em ployed in  t h e  fe r m e n ta t io n  t e s t s .  
S h i g e l l a  gro u p in g  serum (L e d e r le  L a b o r a to r ie s , Group D) was a l s o  used  
t o  t e s t  th e  p u r i t y  o f  th e  o rg a n ism s.
(3 )  P r e p a r a tio n  o f  c e l l s
A 2 0 -2 2  hour c u ltu r e  grown in  EM medium was c e n tr ifu g e d  a t  2 ,0 0 0 -  
2 ,5 0 0  r e v o lu t io n s  p er  m inute (RPM) (r a d iu s  o f  head was 1 3 g cm ), washed  
th r e e  t im e s  w ith  0.15M p h o sp h a te  b u f f e r  (pH ? ) ,  and suspended  in  b u ffe r  
t o  y i e l d  an  o p t i c a l  d e n s i t y  (OD) rea d in g  o f  0 ,1 5  (70^  tr a n s m itta n c e )  on 
th e  Bausch and Lomb " S p e c tr o n ic  2 0 ” sp e c tro p h o to m eter  w ith  t h e  wave 
l e n g th  s e t  a t  575 mu. One ml o f  t h i s  su sp e n s io n  was u sed  to  in o c u la te  
10 ml o f  EM medium. T his OD co rresp o n d s t o  a p p r o x im a te ly  10^ c e l l s / m l .  
The tu b e s  w ere in c u b a te d  a t  3 7  C fo r  2 0 -2 2  h o u rs . The c e l l s  w ere th e n  
c e n t r i f u g e d ,  w ashed , and suspended  in  10  ml o f  b u f f e r .  The su s p e n s io n  
was a llo w e d  to  s e t t l e  fo r  10  m in u te s . A p o r t io n  o f  th e  c e l l s  was w ith ­
drawn from th e  to p  and suspended  in  b u ffe r  t o  y i e l d  an OD o f  0 ,1 5 ,  T h is  
p r e p a r a t io n  was shaken v ig o r o u s ly  f o r  s e v e r a l  m in u te s . T his p roced u re  
and t h a t  o f  a l lo w in g  t im e  fo r  th e  h eavy  su s p e n s io n  t o  s e t t l e  w ere done  
i n  an a ttem p t t o  r id  th e  p r e p a r a t io n  o f  any clumps o f  c e l l s  w h ich  may 
have been  p r e s e n t .  In  p r e p a r a t io n  f o r  i r r a d i a t i o n ,  5 ml o f  t h i s  su sp e n ­
s io n  was p la c e d  in  a f l a t  bottom  p e t r i  d is h  w ith  an  I n s id e  d ia m e te r  o f
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8 .9  cm. T h is  volum e co v ered  th e  bottom  o f  th e  o e t r i  d is h  t o  a depth  o f  
a p p r o x im a te ly  0 .5  mm. Aluminum f o i l  was u sed  t o  c o v e r  th e  l i d s  o f  th e  
p e t r i  d is h e s  in  o r d er  t o  e l im in a te  t h e  p o s s i b i l i t y  o f  u l t r a v i o l e t  l i g h t  
e n te r in g  b e fo r e  t im in g  was begun and a ls o  t o  p r e v e n t  p h o to r e a c t iv a t io n  
a f t e r  i r r a d ia t io n .
C e l ls  were p rep a red  f o r  th e  m anom etric s t u d ie s  a s  fo llo w s :  two
hundred and f i f t y  ml o f  EM medium (u s in g  500 ml er len m eyer  f l a s k s )  w ere  
in o c u la te d  w ith  5 nil o f  a 2 0 -2 2  hour c u ltu r e  fo r  S , s o n n e i . The f la s k s  
w ere in c u b a te d  a t  3 7  0 f o r  2 0 -2 2  h o u r s , th e n  th e  c e l l s  were c e n tr ifu g e d  
a t  2 ,0 0 0 - 2 ,5 0 0  RPM (r a d iu s  o f  head was 18 cm) in  c e n tr ifu g e  b o t t l e s  
c o n ta in in g  125 m l o f  th e  c u l t u r e .  The c e l l s  w ere washed 3 t im e s ,  p o o le d  
and su sp en d ed  i n  b u f f e r .  F iv e  t o  7 nil o f  t h i s  h eavy  s u s o e n s io n  were 
p ip e t t e d  in t o  f l a t  bottom  p e t r i  d is h e s  i n  n r e p a r a t io n  f o r  i r r a d ia t io n .  
One ml a l iq u o t s  o f  th e  s u s o e n s io n  w ere p ip e t t e d ,  in  d u p l ic a t e ,  in t o  
aluminum p la n c h e ts  (w e ig h in g  p an s) w hich  had b een  p r e v io u s ly  w eighed  t o  
a c o n s ta n t  w e ig h t t o  th e  n e a r e s t  0 .1  mg. The p la n c h e ts  w ere p la c e d  i n  
an oven  a t  80 C f o r  24 h o u r s . One ml o f  th e  c e l l  su sp e n s io n  y ie ld e d  a 
d ry  w e ig h t  o f  0 .0 1 3 - 0 .0 2 0  g ,
( 4 )  U l t r a v io le t  l i g h t  so u r c e  and c a l c u la t io n  o f  u l t r a v i o l e t  d ose
The so u r c e  o f  u l t r a v i o l e t  (UV) l i g h t  was a G eneral E l e c t r i c  15 
w a tt  " g e r m ic id a l lamp" (G 1 5 1 8 ) .  The lame em itte d  w aves o f  a p p r o x i­
m a te ly  2 ,5 3 7  The d is t a n c e  from  th e  m id d le  o f  th e  l i ^ t  so u r ce  to  th e  
p e t r i  d is h  bottom  was 16 3 /4  in c h e s  in  a l l  ex p er im en ts  e x c e p t  th o s e  
d e a l in g  w ith  r e s p ir a t io n .  The d is t a n c e  o f  10 in c h e s  was em ployed t o  
i r r a d i a t e  c e l l s  u sed  i n  th e  m anom etric e x p e r im e n ts . The r a d ia t io n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
i n t e n s i t y  was c a lc u la t e d  a s  f o l lo w s ;
(1 )  At a d is t a n c e  o f  l 6  3 /4  in c h e s  th e  r a d ia t io n  i n t e n s i t y  in  
w a t t s / f t ^  i s  0 .1 6  (H o lla e n d e r , page 6 2 ) .
(2 )  T h is  i s  e q u iv a le n t  t o  an i n t e n s i t y  o f  1?2 m icrow atts/cm ^  
(H o lla e n d e r , p age  59)»
0 . l 6  w a t t s / f t ^  -  160 m i l l i w a t t s / f t ^
m i l l i w a t t s / f t ^  = m icrow atts/cm ^
0 .92 9
160 m i l l i w a t t s / f t ^  = 172 m icrow atts/cm ^
(3 )  The r a d ia t io n  i n t e n s i t y  i s  eq u a l t o  1 7 .2  e r g s /se c /c m ^  s in c e :
m ic r o w a tts  = e r g s / s e c  
0.1
e r g s /s e c /c m ^  = ergs/sec /m m ^
100
172 m icro w a tts/cm ^  = 1 7 .2  ergs/sec /m m ^
At a d is t a n c e  o f  10  i n  th e  r a d ia t io n  i n t e n s i t y  in  w a t t s / f t ^  i s  
0 .4 1 .  Em ploying t h e  c a lc u la t io n s  u sed  a b ove , t h i s  i s  eq u a l t o  an 
i n t e n s i t y  o f  4 4 .2  erg s /sec /m m ^ .
The UV d osage i s  c a lc u la t e d  by m u lt ip ly in g  th e i n t e n s i t y  by th e  
number o f  seco n d s o f  e x p o su r e .
(5 )  Sam pling p ro ced u re  and tr e a tm e n t a f t e r  i r r a d ia t io n
The p e t r i  d is h e s  c o n ta in in g  th e  prepared  c e l l  su sp e n s io n s  w ere  
p la c e d  in  t h e  box h o u sin g  th e  UV lam p. The lamp was tu rn ed  on fo r  20 
m in u tes  t o  a l lo w  e q u i l ib r a t io n  o f  th e  UV s o u r c e . The sam p les u n d erg o in g  
i r r a d ia t io n  w ere shaken c o n t in u o u s ly  w ith  th e  a id  o f  a home-made sh ak er  
a t  a r a t e  o f  84 o s c i l l a t i o n s / r a l n  t o  in s u r e  u n iform  ex p osu re  o f  th e  c e l l s  
and t o  p r o v id e  a m ix in g  a c t io n  o f  th e  exposed  m a t e r ia l s .  The aluminum
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f o i l  co v ered  l i d  was removed and a t  s p e c i f i e d  i n t e r v a l s  o f  t im e  0 ,1  ml 
a l iq u o t s  w ere removed from  th e  p e t r i  d is h  w ith  th e  a id  o f  a c a l ib r a te d  
m ic r o p ip e t te  and p la c e d  i n  9 -9  ml o f  b u f f e r  i n  screw -cap p ed  tu b e s  wrapped 
i n  aluminum f o i l .  A p p ro p ria te  d i lu t io n s  w ere th en  made and a l iq u o t s  
p la te d  upon n u tr ie n t  a g a r . D i lu t io n s  w ere made w hich r e s u lt e d  i n  3 0 -3 0 0  
c o l o n i e s / p l a t e .  The p l a t e s  w ere in v e r t e d ,  in c u b a te d  a t  37 C f o r  24 h ou rs  
and th e n  t h e  m acrosc o p ie a l l y  v i s i b l e  c o lo n ie s  w ere cou n ted  on a Dark- 
f i e l d  Q uebec^Colony C ounter (S p e n c e r ) .  On ü ie  b a s i s  o f  th e  s i z e  o f  th e  
sam ple p la t e d  and th e  number o f  d i l u t i o n s  made, th e  numbers o f  v ia b le  
o rg a n ism s/m l w ere c a lc u la t e d .
The method was m o d if ie d  i n  th e  m anom etric exp er im en ts; th e  su sp en ­
s io n s  ir r a d ia t e d  f o r  s p e c i f i e d  t im e s  w ere removed and p ip e t t e d  in t o  th e  
m ain compartment o f  th e  Warburg f la s k s  (d o u b le  s i  dearm f la s k s  w ith  a 
volum e o f  a p p r o x im a te ly  19 m l) .
(6 )  M anom etric m ethods
C o n v e n tio n a l m anom etric te c h n iq u e s  were em ployed (U m b riet, B u r r is ,  
and S t a u f f e r ,  1949; P e lc z a r ,  Hanson, and K on etzka , 1955)» The main  
com partm ents o f  th e  f l a s k s  w ere ch arged  w ith  1 ml o f  0.15M  p h osp h ate  
b u f f e r  (pH 7) and 0 .5  o r  1 ,0  ml o f  d i s t i l l e d  w a te r . The rim s o f  t h e  
c e n te r  w e l l s  w ere g r e a se d  t o  p rev en t c re ep in g  o f  th e  a l k a l i  and th e n
0 .2  ml o f  20^ p o ta ss iu m  h y d r o x id e  was p ip e t t e d  in to  th e  c e n te r  w e l l s .  
F iv e - t e n t h s  ml o f  b u f f e r  o r  0.05M  s o lu t io n  o f  s u b s tr a te  was p ip e t t e d  
in t o  one o f  th e  s id ea rm s. The sid earm  s to p p e r s  w ere g rea sed  and f i t t e d  
in t o  p la c e .  One ml o f  th e  c e l l  s u s p e n s io n  was p la c e d  in  th e  main com part­
ment o f  th e  f l a s k s .  A p ie c e  o f  f i l t e r  p aper ( l  cm x  3 /4  cm) was fo ld e d  
i n  a c c o r d ia n  f a s h io n  and p la c e d  i n  th e  c e n te r  w e l l  in  ord er  to  a id
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a b s o r b t io n  o f  th e  carbon  d io x id e  e v o lv e d . The f la s k s  w ere a t ta c h e d  t o  
t h e  ground g la s s  j o i n t s  o f  th e  m anom eters by  means o f  two s p r in g s .  The 
w a ter  b a th  tem p eratu re  was m a in ta in ed  a t  3 7 .2  C t  0 .1  C. The f la s k s  
w ere shaken  a t  a r a t e  o f  112 s tr o k e s /m in u te .  The f la s k s  w ere a llo w e d  
to  e q u i l ib r a t e  fo r  15 m in u te s . A l l  c o n n e c t io n s  were th en  checked  f o r  
le a k a g e . The l e v e l s  o f  th e  B rodie s o lu t io n  in  th e  c lo s e d  end o f  th e  
manometers w ere a d ju s te d  to  th e  250 mm mark, th e  s to p c o c k s  c lo s e d ,  and 
th e  l e v e l s  o f  th e  B rod ie  s o lu t io n  i n  th e  ooen  end o f  th e  m anom eters were 
r ec o rd e d . B u ffe r  o r  s u b s t r a t e  was im m e d ia te ly  t ip p e d  i n t o  th e  m ain  
com partm ents from  t h e  s id ea rm s. The sid earm s w ere r in se d  w ith  some o f  
th e  s o lu t io n  from th e  m ain co/apartment in  o rd e r  t o  mix th e  c e l l s  and 
s u b s tr a te  th o r o u g h ly . R ead in gs were ta k en  e v e r y  3 0  m in u tes by a d ju s t in g  
th e  l e v e l  i n  th e  c lo s e d  end t o  250 and r ea d in g  th e  l e v e l  i n  th e  open  
end. When i t  became e v id e n t  t h a t  t h e  l e v e l  in  th e  open end would be  
below  0 b e fo r e  th e  n e x t  3 0  m inute i n t e r v a l  had e la p s e d , t h e  s to o c o c k  was 
opened  and th e  l e v e l  i n  t h e  c lo s e d  end r e a d ju s te d  to  2 50; n o ta t io n s  w ere  
made t o  en su re  p ro p er  m easurem ent o f  oxygen  con sum p tion . Thermobaro­
m eter  c o r r e c t io n s  w ere made and th e  t o t a l  change i n  mm was m u lt ip l ie d  
by th e  f la s k  c o n s ta n t  and c a lc u la t io n s  made to  o b ta in  t h e  number o f  u l  
o f  oxygen  consumed p e r  10  mg dry w e ig h t o f  t h e  b a c t e r ia l  c e l l s .
I I .  EXPERIMENTAL METHODS AND PROCEDURES
( l )  E f f e c t  o f  u l t r a v io l e t  i r r a d ia t io n  on S h ig e l la  so n n e i
S t r a in s  5 0 4 4 -5 9  and CH w ere em ployed. A liq u o ts  o f  c e l l s  
ex p o sed  t o  UV l i g h t  w ere removed from th e  su s p e n s io n s  u n d erg o in g  ir r a d ia ­
t i o n  a t  15 secon d  i n t e r v a l s .  These a l i q u o t s  were s e r i a l l y  d i lu t e d  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
p la t e d  on n u tr ie n t  a g a r  p l a t e s  t o  d e t e m in e  s u r v iv in g  p o p u la t io n s . The 
c o n t r o l  c o n s is t e d  o f  an u n ir r a d ia te d  a l iq u o t  o f  th e  c e l l s  su sp e n s io n  
w hich  was s e r i a l l y  d i lu t e d  and p la t e d ;  t h i s  y ie ld e d  th e  b a c t e r ia l  count 
o f  th e  u n exp osed  c e l l s .  A ’•co n d it io n "  c o n t r o l  was a ls o  u sed  i n i t i a l l y  
bu t l a t e r  d is c o n t in u e d  s in c e  th e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  b etw een  
th e  two c o n t r o l s .  The cu m u la tiv e  d o sa g e s  a f t e r  15^ 3 0 , and 60
seco n d s o f  ex p o su re  t o  UV l i g h t  w ere 2 5 8 , 51&, 7 2 4 , and 1 ,0 3 2  ergs/ram^, 
r e s p e c t iv e ly .  The p e r c e n t  s u r v iv o r s  a f t e r  i r r a d ia t io n  were c a lc u la te d  
b y  d iv id in g  th e  number o f  v ia b le  ir r a d ia t e d  b a c te r ia /m l by th e  number 
o f  v ia b le  u n ir r a d ia te d  b a c te r ia /m l and m u lt ip ly in g  by 1 0 0 ,
S u sp e n s io n s  o f  d i f f e r e n t  c o n c e n tr a t io n s  o f  c e l l s  were a l s o  ir r a d ia t e d .  
S u sp e n s io n s  o f  10 ^ , 1 0 ? , and 10^ c e l l s / m l  w ere ir r a d ia t e d  f o r  15 s e c o n d s .
(2 )  The e f f e c t  o f  p r e - i r r a d ia t io n  trea tm en t upon th e  s e n s i t i v i t y  o f  
S . so n n e i to  UV i r r a d ia t io n
A. R ole o f  age o f  th e  c u ltu r e  upon th e  s e n s i t i v i t y  o f  S . so n n e i  
t o  UV i r r a d ia t io n .
Many tu b e s  w ere in o c u la te d  w ith  1 ml o f  a b a c t e r ia l  c e l l  susp en ­
s io n  (7 0 ^  T) p rep ared  a s  d e s c r ib e d  in  S e c t io n  I ,  p a r t  3- At v a r io u s  
in t e r v a l s  d u rin g  in c u b a t io n ,  tu b e s  were removed from  th e  in c u b a to r  and 
th e  c e l l s  w ere w ashed , i r r a d ia t e d  and p la t e d .  A growth cu rve b ased  on 
t u r b id i t y  was d eterm in ed  s im u lta n e o u s ly ,
B. The s e n s i t i v i t y  o f  " sta rv ed "  c e l l s  to  UV ir r a d ia t io n .
C e l l  su sp e n s io n s  w ere p rep ared  in  th e  u s u a l  way, ir r a d ia t e d  
and p la t e d .  A c e l l  s u s p e n s io n  was a d ju s te d  i n  b u ffe r  t o  o b ta in  a  t r a n s ­
m it ta n c e  o f  12^0 A liq u o ts  o f  t h i s  b u f f e r  s u s p e n s io n  were p la c e d  a t  10 0
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and a t  3 7  C. A liq u o ts  o f  th e  " sta rv ed "  s u s p e n s io n s  w ere removed a t  
v a r io u s  i n t e r v a l s ,  th e  c e l l s  w ere washed t w ic e ,  a d ju s te d  w ith  b u f fe r  to  
g iv e  a t r a n s m it ta n c e  o f  70/6, i r r a d ia t e d ,  d i l u t e d ,  p la te d  and co u n ted .
C. E f f e c t  o f  "damage" on s e n s i t i v i t y  t o  UV i r r a d ia t io n .
(1 )  S h o r t term  f r e e z in g .
Ten ml a l iq u o t s  o f  a c e l l s  su s p e n s io n  (7 0 #  T) prep ared  
f o r  i r r a d ia t io n  w ere p la c e d  i n  th e  f r e e z e r  (a p p r o x im a te ly  -2 0  C) f o r  
3 0  m in u te s . T h is p e r io d  o f  t im e  cau sed  th e  c e l l  su sp e n s io n s  t o  become 
fr o z e n  s o l i d .  The tu b e s  w ere removed from  th e  f r e e z e r ,  thawed q u ic k ly  
i n  warm w a ter  and 5 ml a l iq u o t s  w ere im m ed ia te ly  i r r a d ia t e d ,  d i l u t e d ,  
and p la t e d .  An u n ir r a d ia te d  p o r t io n  o f  t h e  thawed s u s o e n s io n  serv ed  as  
th e  c o n t r o l .  A liq u o ts  o f  th e  u n fr o z e n  c e l l  su sp e n s io n s  serv ed  as c o n t r o ls ,
(2 )  M ech an ica l sh a k in g  w ith  g la s s  b e a d s .
C e l ls  (2 5 #  T) w ere shak en  w ith  g la s s  beads in  th e  M ickle  
t i s s u e  d i s in t e g r a t o r  f o r  10 m in u tes  u s in g  B a l lo n t in i  b ea d s , s i z e  10  A; 
a p p ro x im a te ly  30#  beads by volum e w ere u se d . T h is  p roced u re  was o e r -  
form ed i n  a r e f r ig e r a t e d  room (4  C) t o  reduce th e  e f f e c t s  o f  h ea t g en er­
a te d  by th e  sh a k in g . The c e l l s  w ere th en  w ashed, re su sp en d e d , and 
i r r a d ia t e d .
( 3 )  R ole o f  v a r io u s  f a c t o r s  d u r in g  i r r a d ia t io n  upon the s e n s i t i v i t y  
o f  S .  so n n e i to  UV i r r a d ia t io n
A. E f f e c t s  o f  th e  p r e se n c e  o f  dead c e l l s .
A su sp e n s io n  o f  a u to c la v e d  c e l l s  o f  S . so n n e i was w ashed , 
susp en d ed  i n  b u f f e r ,  and a d ju s te d  t o  y i e l d  a  su sp e n s io n  o f  10# T. Three 
ml o f  t h i s  su sp e n s io n  w ere shaken v ig o r o u s ly  w ith  2 ml o f  a s u s o e n s io n
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o f  l i v e  c e l l s  (70% T) i n  o r d e r  t o  o b ta in  an even  d i s t r i b u t i o n  o f  c e l l s .  
The c o n t r o l  c o n s is t e d  o f  2 ml o f  l i v e  c e l l s  (70% T) and 2 ml o f  b u f f e r .  
The two f r a c t io n s  w ere i r r a d ia t e d  and t r e a t e d  i n  th e  u s u a l  fa s h io n  to  
d eterm in e  p e r c e n t  s u r v iv o r s .
B. E f f e c t  o f  lo w e r in g  th e  s u r fa c e  t e n s io n .
S u r fa c e  a c t i v e  a g e n ts  w ere em ployed t o  lo w er  the s u r fa c e  
t e n s io n  o f  th e  su sp en d in g  f l u i d  i n  w hich  th e  c e l l s  w ere ir r a d ia te d ;  th e  
fo l lo w in g  s u r fa c e  t e n s io n  lo w e r in g  a g e n ts  were em ployed: Tween 20
(NBC), sodium  ta u r o c h o la te  (NBC), and sodium  s u lp h o s u c c in a te . The 
a g e n ts  w ere added t o  th e  b u f f e r  s o lu t io n s  in  amounts n e c e s s a r y  to  y i e l d  
two d i f f e r e n t  s u r fa c e  t e n s io n s  fo r  each  s u r fa c e  a c t iv e  a g e n t . The b u f f e r  
s o lu t io n s  c o n ta in in g  th e  s u r fa c e  a c t iv e  a g en ts  were th e n  a u to c la v e d . The 
su r fa c e  t e n s io n  o f  th e  s o lu t io n s  was m easured w ith  the Genco Du Nuoy 
te n s io m e te r .  R ead ings w ere made a t  room tem p era tu re  (a p p r o x im a te ly  
2 2 -2 5  C ). An a v era g e  o f  th r e e  re a d in g s  was reco rd ed . The anp aren t  
s u r fa c e  t e n s io n  w h ich  was read  d i r e c t l y  from  th e  s c a le  o f  th e  t e n s i o ­
m eter  i n  dynes/cm  was c o r r e c te d  by d iv id in g  th e  v a lu e s  by th e  d e n s i t y  o f  
th e  s o lu t i o n  b e in g  t e s t e d  and th e n  m u lt ip ly in g  by a c o r r e c t io n  f a c t o r  
w hich  i s  d ependent upon th e  ap p aren t s u r fa c e  t e n s io n  rea d in g  and a r a t io  
R /r  ( t h e  ra d iu s  o f  th e  p la tin u m  r in g  ( R ) /  th e  r a d iu s  o f th e  w ir e  ( r ) ) .
The v a lu e  o f  R /r  was s u p p lie d  by th e  m a n u fa ctu rer . The c o r r e c t io n  
f a c t o r  was read  d i r e c t l y  from  cu rv es  s u p p lie d  by the m an u factu rer .
C e l l s  t o  be ir r a d ia t e d  w ere su sp en d ed  i n  b u f f e r s  o f  d i f f e r e n t  s u r fa c e  
t e n s io n  v a lu e s  to  y i e l d  a d e n s i t y  o f  70% T. Im m ed ia tely  a f t e r  th e  c e l l  
s u s p e n s io n s  w ere a d ju s te d  t o  t h i s  d e n s i t y ,  5 ml a l iq u o t s  w ere i r r a d ia t e d .  
C o n tr o ls  c o n s is t e d  o f  a l iq u o t s  o f  u n ir r a d ia te d  c e l l s  from  th e  r e s p e c t iv e
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b u f f e r  s u s p e n s io n s .
C, E f f e c t  o f  pH.
The m ethods em ployed w ere e s s e n t i a l l y  th e  same as o u t l in e d  in  
th e  p r e v io u s  ex p er im en t ( 3 - B ) ,  h ow ever, th e  pH v a lu e s  w ere v a r ie d  in s t e a d  
o f  th e  su r fa c e  t e n s io n .  A c e ta te  b u f f e r  s o lu t io n s  (0.2M ) o f  pH 4 and 5 
and p h osp h ate  b u f f e r  s o lu t io n s  (0.15M ) o f  pH 6 ,  7̂ , and 8 were p rep a red . 
The b u f f e r  s o lu t io n s  w hich  w ere u sed  w ere p rep ared  in  a cco rd a n ce  w ith  
th e  d i r e c t io n s  g iv e n  by Harrow e t  I 9 6 0 . S in c e  0.2M a c e t a t e  b u f f e r  
was u se d  t o  o b ta in  pH v a lu e s  4  and and 0,15M p h osp h ate  b u f f e r  was 
u se d  t o  o b ta in  pH v a lu e s  6 , 7j, and 8 ,  an ex p erim en t was perform ed to  
d eterm in e th e  im p ortan ce o f  th e  co m p o sit io n  o f  th e  b u f f e r s  i n  w hich  th e  
c e l l s  w ere i r r a d ia t e d .  C e l l s  w ere ir r a d ia t e d  in  a c e t a t e  b u f f e r  and 
p h o sp h a te  b u f f e r  w ith  a pH o f  5 .6 .
(4 )  The e f f e c t  o f  p o s t - i r r a d ia t i o n  tr e a tm e n ts  upon th e  r e c o v e r y  o f
UV ir r a d ia t e d  S , so n n e i
A. E f f e c t  o f  c o m p o sit io n  o f  r e c o v e r y  medium.
S in c e  r e c o v e r y  o f  i r r a d ia t e d  c e l l s  may be dependent upon th e  
c o m p o s it io n  o f  th e  m ed ia , c e l l s  w ere p la te d  on  s o l i d  m edia o f  d i f f e r e n t  
c o m p o s it io n s . The f o l lo w in g  m edia w ere em ployed:
1 .  E rlandson-M ackey medium (c h e m ic a l ly  d e f in e d )  c o n ta in in g  
1 .5 ^  a g a r .
2 . E rlandson-M ackey medium c o n ta in in g  1 .5 #  a g a r  and 0 , 5#
Bacto b e e f  e x t r a c t  ( D i f c o ) .
3 .  B a c to -n u tr ie n t  agar (D ifc o )  (MA).
4 .  B a c to -b r a in  h e a r t  in f u s io n  medium ( D ifc o )  (BHI) c o n ta in in g
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1.3% a g a r .
P r e lim in a r y  r e s u l t s  in d ic a t e d  t h a t  EM medium was more e f f e c t i v e  
i n  prom otin g  r e c o v e r y  o f  i r r a d ia t e d  c e l l s  th an  BHI medium. In  o r d er  t o  
t e s t  th e  e f f i c i e n c y  o f  com ponents o f  EM medium in  in c r e a s in g  r e c o v e r y ,  
th e  c o n s t i t u e n t s  o f  th e  EM medium w ere  added s i n g l y  t o  th e  BHI medium 
in  c o n c e n tr a t io n s  em ployed i n  th e  EM medium.
Growth cu rv es  o f  S . so n n e i w ere o b ta in e d  u s in g  EM, n u tr ie n t  b roth  
(N B), and BHI b ro th ; t u r b id i t y  was m easured in  t h e  sp e c tr o p h o to m e te r ,  
and th e  OD v a lu e s  w ere re co rd ed . The in o c u la  c o n s is t in g  o f  1 ml (70% T)
o f  c e l l s  p rep a red  from  a 22 hour c u ltu r e  grown i n  EM medium were in o c u ­
la t e d  in t o  10  ml o f  th e  v a r io u s  m ed ia ,
B. E f f e c t  o f  pH.
The m ethods em ployed w ere e s s e n t i a l l y  th e  same as o u t l in e d  i n  
th e  p r e v io u s  exp erim en t (4 -A ) how ever th e  pH v a lu e s  w ere v a r ie d  in s t e a d  
o f  th e  c o m p o sitio n  o f  th e  m ed ia . The pH o f  th e  NB was a d ju s te d  to  
3 , 6 ,  7s and 8 w ith  30% sodium  h yd rox id e  o r  c o n c e n tr a te d  p h osp h oric  
a c id .  Agar (1.3% ) was added to  th e  NB w ith  d i f f e r e n t  pH v a lu e s ;  th e
f la s k s  w ere th en  a u to c la v e d  and p l a t e s  p ou red .
C. E f f e c t  o f  tem p era tu re  o f  in c u b a t io n .
N u tr ie n t  a g a r  p la t e s  in o c u la te d  w ith  a l iq u o t s  o f  i r r a d ia t e d  
s u s p e n s io n s  and th e  u n ir r a d ia te d  c o n t r o l  c e l l s  w ere in c u b a ted  a t  1 3 , 2 9 , 
and 37  C f o r  24 h o u r s , th e n  in c u b a te d  a t  3 7  C f o r  an a d d it io n a l  24 h o u r s , 
and co u n te d . The o th e r  g e n e r a l  m ethods have been  d e sc r ib e d  in  M a te r ia ls  
and M ethods, S e c t io n  I I ,  p a r t  1 .
D. E f f e c t  o f  h o ld in g  ir r a d ia t e d  c e l l s  in  b u f f e r  a t  v a r io u s  tem pera­
t u r e s  b e fo r e  p l a t i n g .
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A liq u o ts  o f  th e  d i lu t e d  ir r a d ia t e d  c e l l  s u sp e n s io n s  w ere h e ld  
a t  1 0 , 2 5 , and 3 7  C f o r  2 h o u rs and th en  p la t e d  f o r  c o u n t in g . P la t in g  
was a ls o  done im m ed ia te ly  f o l lo w in g  th e  i r r a d ia t io n  t o  d eterm in e  th e  
p o p u la t io n  i n  th e  a b sen ce  o f  th e  h o ld in g  p e r io d . C o n tro ls  c o n s is t e d  
o f  u n ir r a d ia te d  c e l l s  h e ld  fo r  2 h ou rs a t  t h e  v a r io u s  tem p era tu res  
em ployed in  t h e s e  e x p e r im e n ts .
E. E f f e c t  o f  th e  le n g th  o f  t im e  th e  i r r a d ia t e d  c e l l s  w ere h e ld  in
b u f f e r  b e fo r e  p la t in g .
The m ethods d e s c r ib e d  above w ere em nloyed ex ce p t t h a t  th e  
d i l u t i o n s  o f  i r r a d ia t e d  c e l l s  w ere m a in ta in ed  a t  25 C f o r  v a ry in g  p e r io d s  
o f  t im e , 2 g , 5 , and 8 h o u r s , b e fo r e  p la t in g .
( 5 ) E f f e c t  o f  UV i r r a d i a t i o n  on r e s p ir a t io n  o f  S . so n n e i
A. O x id a tio n  o f  g lu c o s e .
A liq u o ts  o f  a c e l l s  s u s p e n s io n  w ere i r r a d ia t e d  f o r  7  ̂ 1 4 , and 
21 m in u tes ( 1 8 ,5 6 4 ,  3 7 ,1 2 8 ,  and 5 5 ,6 9 2  ergs/m m ^, r e s p e c t i v e l y ) .  The 
i r r a d ia t e d  su sp e n s io n s  w ere p ip e t t e d  in to  Warburg f la s k s  and oxygen  
u p ta k e was m easured u s in g  g lu c o s e  a s th e  s u b s t r a t e . The c o n tr o l  c o n s is t e d  
o f  u n ir r a d ia te d  c e l l s .  The endogenous r e s p ir a t io n  o f  ir r a d ia te d  and 
u n ir r a d ia te d  c e l l s  was m easured .
B. O x id a tio n  o f  v a r io u s  s u b s tr a te s  by UV ir r a d ia te d  c e l l s .
A su s p e n s io n  o f  c e l l s  was i r r a d ia t e d  f o r  10 m in u tes (2 6 ,5 2 0  
ergs/mm^) ; a l iq u o t s  w ere p la c e d  i n  Warburg f la s k s  and th e  o x id a t io n  o f  
d i f f e r e n t  s u b s tr a te s  wad m easured . U n ir r a d ia te d  c e l l s  w ere a l s o  
s tu d ie d  a s  c o n tr o ls  and t h e  endogenous r e s p ir a to r y  r a te  o f  ir r a d ia te d  
and u n ir r a d ia te d  c e l l s  was m easured . The s u b s tr a te s  u se d  w ere fu m aric
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and s u c c in ic  a c id s ,  d e x t r o s e ,  m a lic ,  a s p a r t i c ,  g lu ta m ic  and C ^-keto  
g lu t a r i c  a c id s ,  th r e o n in e ,  g lu ta m in e , and s e r in e .
C. E f f e c t  o f  M ick le  tr e a tm e n t on th e  o x id a t iv e  r a t e  o f  i r r a d ia t e d  
and u n ir r a d ia te d  c e l l s .
( 1 )  E f f e c t  o f  M ick le  trea tm en t p r io r  to  i r r a d ia t io n .
An a l iq u o t  o f  th e  c e l l  su s p e n s io n  was shaken w ith  g la s s  
b eads in  th e  M ick le  t i s s u e  d i s i n t e g r a t o r  fo r  I 5 h ours ( a t  4  C ), C e l l  
s u sp e n s io n s  o f  i n t a c t  c e l l s  and d i s in t e g r a t e d  c e l l s  w ere ir r a d ia t e d  
and th e  r e s p ir a t o r y  r a t e s  w ere m easured . G lutam ic a c id  and g lu c o s e  
w ere em ployed as s u b s t r a t e s ,
( 2 ) E f f e c t  o f  M ick le  tr e a tm e n t a f t e r  i r r a d ia t io n .
A c e l l  su s p e n s io n  w as i r r a d ia t e d .  An a liq u o t  o f  th e  
i r r a d ia t e d  su s p e n s io n  and an u n ir r a d ia te d  c e l l  su sp e n s io n  ( c o n t r o l )  
w ere shaken w ith  g la s s  beads i n  th e  M ick le  t i s s u e  d is in t e g r a t o r  f o r  
I g  h ou rs a t  4  C. I r r a d ia t e d  and u n ir r a d ia te d  c e l l  su s p e n s io n s  w hich  
w ere n o t shaken  in  th e  M ick le  a p p a ra tu s  w ere a l s o  p la c e d  in  th e  co ld  
room. R e s p ir a to r y  r a te  was m easured u s in g  th e  fo u r  f r a c t i o n s .  The 
s u b s t r a t e s  em ployed w ere a s p a r t ic  and p y r u v ic  a c id s .
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CHAPTER IV 
RESULTS
( 1 )  E f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  on S h i g e l l a  s o n n e i  
S u r v i v a l  c u rv es  were o b t a in e d  f o r  two s t r a i n s  o f  S h i g e l l a  so n n e i
( s e e  F ig u r e s  1 and 2 ) ,  Exposure t o  UV l i g h t  r e s u l t e d  in  ra n id  in a c t iv a ­
t i o n  o f  c e l l s  o f  b oth  s t r a i n s .  S t r a in  CH was more r e s i s t a n t  t o  th e  
i n a c t i v a t i n g  e f f e c t  o f  i r r a d ia t io n .  S t r a in s  5044-59  and CH d id  n o t  
s u r v iv e  60 and 75 seco n d s  o f UV i r r a d ia t io n ,  r e s p e c t iv e ly .
(2 )  The e f f e c t  o f  p r e - i r r a d i a t i o n  t r e a tm e n t  upon th e  s e n s i t i v i t y  o f  
S.  so n n e i  t o  UV i r r a d i a t i o n
A. R o le  o f  age o f  th e  c u ltu r e  upon th e  s e n s i t i v i t y  o f  S , so n n e i  
t o  UV i r r a d i a t i o n .
S u sp e n s io n s  o f  S . so n n e i w ere ir r a d ia te d  a t  d i f f e r e n t  p h a ses  
i n  th e  grow th cu rve in  ord er  to  d e term in e  w h eth er  or n ot t h e  age o f  th e  
c u ltu r e  was a f a c t o r  w ith  reg a rd  t o  th e  s e n s i t i v i t y  o f  th e  c e l l s  to  UV 
i r r a d i a t i o n .  Growth cu rv es  i n  EM c h e m ic a lly  d e f in e d  medium w ere d e t e r ­
m ined s im u lta n e o u s ly  in  t h i s  e x p e r im e n t. The la g  phase was a p p ro x i­
m a te ly  6 - 8  h ou rs lo n g . Maximum grow th was reach ed  a f t e r  a n p r o x im a te ly  
20  h o u rs . The maximum s ta t io n a r y  nhase la s t e d  1 2 -1 5  h ou rs. F ig u re  3 
shows th e  s e n s i t i v i t y  o f  S . so n n ei t o  UV ir r a d ia t io n  i n  th e  e a r ly  lo g a ­
r ith m ic  p h ase o f  grow th and how t h e  s e n s i t i v i t y  d ec r ea se d  as th e  lo g a ­
r ith m ic  p h a se  p r o g r e s se d . Maximum r e s i s t a n c e  o ccu rred  about 10 hours  
a f t e r  th e  i n i t i a t i o n  o f  th e  maxim-'um s ta t io n a r y  phase and a f t e r  t h i s
39
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FIGURE 3
The s e n s i t i v i t y  o f  S h ip ;e l la  s o n n e i , s t r a i n  5044-59 ,  t o  
u l t r a v i o l e t  i r r a d i a t i o n  (256 ergs/mm^) d u r in o  d i f f e r e n t
p h a se s  o f  growth.
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p o in t  r e s i s t a n c e  p r o g r e s s iv e ly  d e c r e a se d  th ro u g h o u t th e  d e a th  p h a se .
C e l l s  i n  th e  l a t e  d e a th  p h a se  w ere s l i g h t l y  more s e n s i t i v e  th an  th e y  
had b een  i n  th e  e a r ly  lo g a r ith m ic  p h a se , A d osage o f  516 ergs/mm^ 
r e s u l t e d  in  a  s im i la r  p a t te r n  compared to  a d o se  o f  256 ergs/mm^ 
a lth o u g h  th e  s u r v iv in g  f r a c t io n s  w ere l e s s  in  num bers,
B. The s e n s i t i v i t y  o f  " starved "  c e l l s  t o  UV i r r a d ia t io n ,
S . so n n e i was s ta r v e d  a t  tem p era tu res  o f  10 and 37 C, A liq u o ts  
o f  th e  c e l l s  s u s p e n s io n s  w ere removed and ir r a d ia te d  a f t e r  v a ry in g  
p e r io d s  o f  s t a r v a t io n .  The r e s i s t a n c e  o f  s t r a in s  5 044-59  and CH o f  
S , s o n n e i t o  UV i r r a d i a t i o n  in c r e a s e d  when c e l l s  w ere s ta r v e d  up t o  38  
h ou rs a t  1 0  C. A f te r  t h i s  maximum r e s i s t a n c e  a g ra d u a l d e c r e a se  in  
r e s i s t a n c e  o ccu rred  (F ig u r e  4 ) » F ig u re  5 r e p r e s e n ts  th e  r e s u l t s  
o b ta in e d  w ith  th e  same s t r a in s  a f t e r  s ta r v a t io n  a t  37 C, C e l ls  s ta r v e d  
a t  t h i s  tem p era tu re  showed a g r e a te r  r e s i s t a n c e  t o  UV l i g h t  ; a maximum 
l e v e l  o f  r e s i s t a n c e  was reach ed  a f t e r  a p p ro x im a te ly  120 hours o f  s ta n r a -  
t i o n .  A f t e r  t h i s  p e r io d  th e  r e s i s t a n c e  d e c r e a se d . The r e s i s t a n c e  o f  
c e l l s  s ta r v e d  f o r  38  h ou rs ( optimum r e s i s t a n c e )  a t  10  C was a p p ro x im a te ly  
tw ic e  t h a t  o f  c e l l s  w h ich  had n o t  been  s ta r v e d . C e l ls  s ta r v e d  a t  37  C 
f o r  1 2 0  h ou rs were th r e e  t im e s  more r e s i s t a n t  th an  u n sta r v e d  c e l l s ,
C, E f f e c t  o f  "damage" on s e n s i t i v i t y  t o  UV i r r a d ia t io n ,
(1 )  S h o rt term  f r e e z i n g .
The UV s e n s i t i v i t y  o f  S . so n n e i was n o t m a t e r ia l ly  a l t e r e d  
by sh o r t  terra f r e e z in g  and ra p id  thaw ing o f  c e l l s  im m ed ia te ly  p r io r  to  
i r r a d ia t io n  ( s e e  T ab le I I ) ,  A lthough  no c o n s is t e n t  d i f f e r e n c e s  in  
s u r v iv a l  co u ld  be n o te d  betw een th e  c o n t r o l  and th e  t r e a te d  p o p u la t io n s  
a f t e r  15 and 30 seco n d s  o f  i r r a d i a t i o n ,  a f t e r  45 seco n d s o f  i r r a d i a t i o n .
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TABDE I I
E f f e c t  o f  s h o r t- te r m  f r e e z in g  on th e  s e n s i t i v i t y  
o f  S h i g e l l a  so n n e i t o  u l t r a v i o l e t  i r r a d ia t io n
P er cen t s u r v iv o r s  a f t e r
u l t r a v i o l e t  i r r a d ia t io n
Treatm ent
I r r a d ia t io n  t im e  ( i n  seco n d s)
15 3 0  45
None 5 0 .1  1 4 .8  3 .4
F rozen 4 9 .5  1 2 .9  2 .3
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th e  s u r v iv in g  f r a c t i o n  o f  th e  c o n t r o l  p o p u la t io n  was g r e a te r  th an  th e  
p e r c e n t  s u r v iv a l  o f  th e  t r e a t e d  p o p u la t io n .  Thus i t  ap p ears t h a t  a t  
th e  l e v e l s  o f  UV i r r a d i a t i o n  w hich r e s u l t e d  i n  a p o r o x im a te ly  95^ 
i n a c t i v a t i o n  o f  t h e  p o p u la t io n , "damage" w hich o ccu rred  due to  s h o r t  
term  f r e e z in g  ren d ered  th e  c e l l s  more s e n s i t i v e  t o  th e  ir r a d ia t io n .
(2 )  M ech a n ica l sheiking w ith  g la s s  b e a d s .
A c e l l  s u s p e n s io n  o f  S . so n n e i was sh ak en  w ith  g la s s  beads 
i n  th e  M ick le  t i s s u e  d i s in t e g r a t o r ,  "Damage" due to  t h i s  trea tm en t had 
no e f f e c t  on th e  s e n s i t i v i t y  o f  th e  c e l l s  to  UV ir r a d ia t io n ,
( 3 )  R ole  o f  v a r io u s  f a c t o r s  d u r in g  ir r a d ia t io n  upon th e  s e n s i t i v i t y
o f  S , so n n e i t o  UV i r r a d ia t io n
A. E f f e c t  o f  th e  p r e se n c e  o f  dead  c e l l s .
A p o p u la t io n  o f  v ia b le  so n n e i was i r r a d ia te d  in  th e  p r e se n c e  
o f  dead c e l l s  k i l l e d  b y  a u to c la v in g .  There was no d i f f e r e n c e  in  th e  
s u r v iv in g  f r a c t io n s  when 2 m l o f  a l i v e  c e l l  s u sp e n s io n  (70^  T) was 
i r r a d ia t e d  w ith  e i t h e r  3 ml o f  a dead c e l l  su sp e n s io n  (10% T) o r  3 ml 
o f  b u f f e r  was m ixed w ith  th e  l i v e  c e l l s  b e fo r e  th e  i r r a d ia t io n  p r o c e d u r e ,
B. E f f e c t  o f  lo w e r in g  t h e  s u r fa c e  t e n s io n ,
S . so n n e i was i r r a d ia t e d  i n  b u ffe r  s o lu t io n s  a d ju s te d  t o  d i f f e r e n t  
s u r fa c e  t e n s io n  v a lu e s .  Three s u r fa c e  a c t iv e  a g e n ts  w ere em ployed:
Tween 2 0 , sodium  t a u r o c h o la te  and sodium  s u ln h o s u c c in a te .  Each was 
u se d  i n  c o n c e n tr a t io n s  th a t  y ie ld e d  two d i f f e r e n t  s u r fa c e  t e n s io n  v a lu e s .
An in c r e a s e  i n  th e  p e r c e n t  s u r v iv o r s  a f t e r  ex p o su re  to  UV l i g h t  was 
o b ta in e d  when c e l l s  w ere ir r a d ia t e d  i n  b u f f e r  s o lu t io n s  c o n ta in in g  any  
o f  t h e  th r e e  a g e n ts  u se d  t o  lo w e r  th e  s u r fa c e  t e n s io n .  The p e r c e n t
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s u r v i v a l  was i n c r e a s e d  w i t h  an i n c r e a s e  i n  th e  c o n c e n t r a t i o n  o f  the  
s u r f a c e  a c t i v e  agent  ( F i g u r e s  6 .  ? ,  and 8 ) .  F ig u r e  8 shows t h a t  anpar  
e n t l y  optimum p r o t e c t i o n  was a c h ie v e d  w i t h  a v e r y  low c o n c e n t r a t i o n  o f  
Tween 20 and i n c r e a s i n g  th e  c o n c e n t r a t i o n  f u r t h e r  had l i t t l e  e f f e c t  on 
t h e  s u r v i v i n g  p o pu la t ion . ,  Corresnondingly^  F ig u r e  9 shows that  t h e  
p e r c e n ta g e  o f  s u r v i v o r s  i n c r e a s e d  w i t h  a d e c r e a s e  i n  th e  s u r f a c e  t e n s i r ^  
o f  t h e  susp en d in g  medium. A d i f f e r e n t  r e la t io n s h ip  between th e  s u r f a c e  
t e n s i o n  and t h e  p e r c e n t  s u r v i v o r s  was o b t a in e d  f o r  each o f  t h e  s u r f a c e  
t e n s i o n  lo w e r in g  a g e n t s  employed.
C, E f f e c t  o f  pH.
S . s o n n e i  was i r r a d i a t e d  i n  0.02M sodium a c e t a t e  b u f f e r  (pH 5 .6 )  
and 0.15M p h o sp h a te  b u f f e r  (pH 5 . 6 )  i n  ord er  t o  d e term in e  w h eth er  t h e  
b u f f e r  c o m p o s i t io n  a f f e c t e d  th e  s e n s i t i v i t y  o f  th e  c e l l s .  There were  
n.-> d i f f e r e n c e s  i n  t h e  percen t  s u r v i v o r s  o b t a in e d  C e l l s  were i r . - a d ia te d  
in. b u f f e r s  h a v in g  pH v a l u e s  o f  4 ,  6 ,  7., and 8, The percent s u r v i v o r s
o b t a i n e d  w ere  e q u a l .  Apparently^ t h e  s e n s i t i v i t y  o f  S. s c n n e i  HV 
l i g h t  i s  not s i g n i f i c a n t l y  a f f e c t e d  by  t h e  pH o f  t h e  suspend ing  medium,
( 4 )  The e f f e c t  o f  n o s t - i r r a d i a t i o n  t r e a t m e n t s  upon t h e  r e c o v e r y  c f
UV i r r a d l a t e d  S.  s o n n e i
A. E f f e c t  o f  c c m p c s it io n  c f  r e c c m e d i  an.
F ig u r e  10 shows th e  r e s u l t s  c b t u i c e d  when i r r a d i a t e d  and u n ir  
r-aiia+ed c e l l s  were p l a t e d  cn. EM HA a - id BHI media. The a b i l i + y  .. f  
u n i r r a d i a t e d  c e l l s  t o  e s t a b l i s h  c r j c n i e s  was rcrnnarable on th e  t h r e e  media 
em ployed.  However, a f t e r  24 hours  ï  i n r u b a t i c r  cc Ic n i e s  termed C'O + he EHl 
p l a t e s  were much l a r g e r  th an  t h e s e  formed on th e  EM p l a t e s  w i t h  th e  s i z e  c f
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FIGURE 6
S u r v iv a l o f  S . s o n n e i , s t r a in  5 0 4 4 -5 9 , a f t e r  
u l t r a v i o l e t  i r r a d ia t io n  i n  th e  p r e se n c e  
o f  sodium  ta u r o c h o la te .
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FIGURE 7
S u r v iv a l  o f  S . s o n n e i , s t r a in  5 0 4 4 -5 9 , a f t e r  
u l t r a v i o l e t  i r r a d i a t i o n  in  th e  p r e se n c e  
o f  sodium  s u l f o s u c c in a t e .
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FIGURE 8
S u r v iv a l  o f  S h ig e l la  s o n n e i , s t r a i n  5 0 4 4 -5 9 , a f t e r  
u l t r a v i o l e t  i r r a d i a t i o n  in  th e  o r e se n c e  o f
Tween 2 0 .
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FIGURE 10
E f f e c t  o f  th e  r e c o v e r y  medium on th e  s u r v iv a l  o f  
u l t r a v i o l e t - i r r a d i a t e d  S h iy e l la  s o n n e i , 
s t r a in  $ 0 4 4 -5 9 .
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t h e  c o lo n ie s  on th e  NA p la t e s  b e in g  in te r m e d ia te .  G r e a te s t  s u r v iv a l  
to o k  p la c e  on t h e  EM medium and p o o r e s t  s u r v iv a l  on th e  BHI medium 
f o l lo w in g  UV i r r a d i a t i o n .  U n ir r a d ia te d  and ir r a d ia t e d  c e l l s  were a ls o  
p la t e d  on EM medium c o n ta in in g  0 .5 ^  b e e f  e x t r a c t .  The s u r v iv in g  f r a c t io n  
w hich  form ed c o lo n ie s  on t h i s  f o r t i f i e d  medium was a p p r o x im a te ly  eq u a l 
to  t h a t  o b ta in e d  on EM medium a lo n e . In  an a ttem p t t o  d is c o v e r  w h eth er  
some c o n s t i t u e n t s  p r e s e n t  i n  th e  EM medium a c te d  fa v o r a b ly  in  th e  
r e c o v e r y  from  th e  e f f e c t s  o f  UV i r r a d ia t io n  o r  p o s s ib ly  i f  some in g r e d ­
i e n t  p r e s e n t  i n  th e  BHI medium was i n h i b i t o r y  tow ards r e c o v e r y , c o n s t i t ­
u e n ts  o f  th e  EM medium w ere added s in g l y  to  t h e  BHI medium and c o n s t i t ­
u e n ts  o f  th e  BHI medium w ere added t o  th e  EM medium. E xam ination  o f  
T ab le I I I  r e v e a ls  t h a t  o f  a l l  th e  c o n s t i t u e n t s  o f  th e  EM medium t e s t e d ,  
o n ly  th e  n itr o g e n  s o u r c e ,  a s p a r t ic  a c id ,  appeared  t o  have a s t im u la to r y  
a c t io n  on r e c o v e r y . However, when BHI in g r e d ie n t s  were added t o  th e  
EM medium, a d i s t i n c t  i n h i b i t i o n  o f  r e c o v e r y  o c c u r r e d . There was 
e x p e r im e n ta l v a r ia t io n  t o  some e x te n t  and th e  v a lu e s  o b ta in e d  fo r  
s u r v iv in g  f r a c t io n s  co u ld  n o t be e x a c t ly  d u p lic a te d . However, in  a l l  
c a s e s  th e  r e la t io n s h ip s  o f  th e  r e s p o n se s  w ere c o n s i s t e n t l y  r e p r o d u c ib le .
Growth c u rv es  o f  s o n n e i  w ere o b ta in e d  in  EM and BHI b ro th  m edia  
and i n  NB (F ig u r e  1 1 ) .  The r a te  o f  grow th was h ig h e s t  i n  th e  BHI medium, 
lo w e s t  i n  th e  EM medium and in te r m e d ia te  i n  NB. Maximum t u r b id i t y  
o c c u r r e d  a f t e r  a p p r o x im a te ly  6 , 9 ,  and 20 hours in  BHI, NB, and EM 
m ed ia , r e s p e c t i v e l y .  The maximum grow th a t t a in e d  in  BHI and EM m edia  
was a p p r o x im a te ly  eq u a l (maximum CD o f  1 . 2 - 1 , 4 ) .  The maximum grow th  
in  NB was c o n s id e r a b ly  l e s s  (maximum OD o f  0 .2 0 - 0 .2 4 ) .
B. E f f e c t  o f  pH.
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TABLE I I I
E f f e c t  o f  th e  c o m p o s it io n  o f  th e  p la t in g  medium on th e  
r e c o v e r y  o f  u l t r a v i o l e t  i r r a d ia t e d  S h ig e l la  so n n e i
P la t in g  medium P er c e n t s u r v iv o r s  a f t e r  15 
seco n d s o f  u l t r a v i o l e t  i r r a d ia t io n
B ra in  H eart I n f u s io n  (BH l) 1 7 .1
BHI /  Thiam in HCl 1 6 .0
BHI /  N ia c in 1 6 .7
BHI /  MgSO^ 1 7 .9
BHI /  G lu co se 1 8 .0
BHI /  A s p a r tic  A cid 2 2 .2
E rlandson-M ackey S y n th e t ic Medium (EM) 3 8 .2
EM /  BHI 3 0 .1
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FIGURE 11
Growth o f  u n ir r a d ia te d  S h ig e l la  s o n n e i , s t r a in s  5044-59  
and F -6 , i n  l iq u id  m edia: A -  B rain  H eart I n fu s io n ,
U -  N u tr ie n t  b r o th , #  -  E rlandson-M ackey b r o th .
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UV ir r a d ia t e d  and u n ir r a d ia te d  su s p e n s io n s  o f  S . so n n e i w ere  
p la t e d  upon NA p l a t e s  a d ju s te d  t o  pH v a lu e s  o f  6 ,  7 ,  and 8 ,  There 
was no d i f f e r e n c e  i n  th e  p e r c e n t  s u r v iv o r s  when th e  pH o f  th e  p la t in g  
medium was v a r ie d .  However, c o n s id e r a b le  v a r ia t io n  was d e te c te d  i n  th e  
r e s u l t s .  No e x p la n a t io n  i s  a v a i la b le  f o r  t h i s  v a r ia t io n .
C, E f f e c t  o f  tem p era tu re  o f  in c u b a t io n .
NA p l a t e s  in o c u la te d  w ith  i r r a d ia t e d  and u n ir r a d ia te d  su sp en ­
s io n s  o f  S . s o n n e i w ere in c u b a te d  a t  15> 2 9 , and 37 C f o r  24 hours  
p r io r  t o  in c u b a t io n  a t  37 C f o r  24 h o u rs . F ig u r e  12 shows th a t  an
in c u b a t io n  tem p era tu re  o f  37 C was m ost fa v o r a b le  f o r  r e c o v e r y . The
number o f  c o lo n ie s  o b ta in e d  from  u n ir r a d ia te d  c o n tr o l  su sp e n s io n s  was 
a p p r o x im a te ly  e q u a l when in c u b a te d  a t  1 $ , 2 9 , and 37 C. A s t r a ig h t  l i n e  
r e la t io n s h ip  was o b ta in e d  when p e r c e n t  s u r v iv o r s  ( a f t e r  15 seco n d s o f  
i r r a d i a t i o n )  was p l o t t e d  a g a in s t  th e  tem p era tu re  o f  in c u b a t io n  (F ig u r e
1 3 ) .
D. E f f e c t  o f  h o ld in g  ir r a d ia t e d  c e l l s  i n  b u f f e r  a t  v a r io u s  tem pera­
t u r e s  b e fo r e  p l a t i n g .
A liq u o ts  o f  d i l u t e d  ir r a d ia t e d  and u n ir r a d ia te d  c e l l s  su sp en ­
s io n s  w ere exp osed  to  d i f f e r e n t  tem p e r a tu r e s  o f  in c u b a t io n  (1 0 , 2 5 , and 
37  C) f o r  two hours b e fo r e  b e in g  p la t e d .  The r e s u l t s  are reco rd ed  i n  
T ab le  IV . H old in g  th e  c e l l s  i n  b u f f e r  f o r  2 hours a t  10  and 25 C 
r e s u l t e d  i n  an in c r e a s e d  s u r v iv a l  compared to  c e l l s  i r r a d ia t e d  and 
p la t e d  im m ed ia te ly  w ith o u t  th e  h o ld in g  p e r io d . H o ld in g  the c e l l s  i n  
b u f f e r  a t  37 0 r e s u lt e d  i n  a d e c r e a se d  s u r v iv a l  compared to  th e  s u r v iv in g  
p o p u la t io n  w hich was p la t e d  im m ed ia te ly  a f t e r  i r r a d i a t i o n .  F igu re  14  
shows th a t  optimum r e c o v e r y  o ccu rred  when c e l l s  w ere h e ld  f o r  2 hours at
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FIGURE 12
Survival of ultraviolet-irradiated Shi.rella sonnei, strain 
50(+4-59j ■which were initially incubated at various temneratures 
for 2U hours and then reincubated for 24 hours at 37 C.
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FIGURE 13
The relationship between temnerature of initial 
incubation (which was followed by reincubation 
for 24 hours at 37 G) and percent survivors of 
Shigella sonnei, strain 5044-59, exnosed to 
256 ergs/mm^ of ultraviolet irradiation.
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TABLE IV
Effect of holding ultraviolet-irradiated Shigella sonnei 
in buffer for two hours at various temperatures
Tem perature a t  w h ich  
c e l l s  w ere h e ld  f o r  
2 h ou rs ( i n  C)
I r r a d ia t io n
P ercen t s u r v iv a l  a f t e r  
u l t r a v i o l e t  i r r a d ia t io n
tim e  i n  seco n d s
15 30 45
P la t e d  im m ed ia te ly  
(n o  h o ld in g  p e r io d )
5 1 .6 1 5 .6 2 .7
10 5 7 .7 1 6 .3 3 .4
25 6 8 .0 2 4 .4 1 0 .4
37 4 6 ,6 1 0 .4 1 .8
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FIGURE 14
Survival of ultraviolet-irradiated Shiee 11 a soiinei, 
strain CH^ incubated in phosphate buffer at different 
temneratures for 2 hours before nlatinr.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
62
25 C.
E. E f f e c t  o f  th e  le n g th  o f  tim e o f  h o ld in g  in  b u ffe r  o r io r  t o  
p la t in g  o f  i r r a d ia t e d  c e l l s .
D i lu t io n s  o f  I r r a d ia t e d  and u n ir r a d ia te d  c o n t r o l  su sp e n s io n s  
w ere p la c e d  f o r  2g^ 5 , and B hours a t  25 C b e fo r e  p l a t i n g .  R ecovery  
in c r e a s e d  up t o  a maximum p o in t  b y  h o ld in g  ir r a d ia t e d  c e l l s  i n  b u f f e r  
a t 25 C when compared t o  th e  r e c o v e r y  o f  c e l l s  w hich w ere e l a t e d  immedi­
a t e l y  a f t e r  i r r a d ia t io n  (F ig u r e  1 5 ) .  R ecovery  was g r e a t e s t  when h e ld  f o r  
2g h ours b e fo r e  p l a t i n g .  A fte r  5 h o u rs , r e c o v e r y  a p p r o x im te d  t h a t  
o b ta in e d  when th e  p r e p a r a t io n s  w ere p la te d  im m ed ia te ly  w ith o u t a  h o ld in g  
p e r io d ;  a f t e r  Ô h o u rs , th e  s u r v iv in g  f r a c t io n s  were sm a lle r  th a n  th e  
f r a c t i o n s  s u r v iv in g  when th e  p r e p a r a t io n s  were p la te d  im m ed ia te ly ,
(5 )  E f f e c t  o f  UV i r r a d la t io n  on r e s p ir a t io n  o f  S . so n n e i
A. O x id a tio n  o f  g lu c o s e .
Oxygen u p tak e w ith  g lu c o s e  a s t h e  s u b s tr a te  was m easured  
em p loyin g  c e l l  s u sp e n s io n s  i r r a d ia t e d  fo r  d i f f e r e n t  p e r io d s  o f  tim es  
7 , 1 4 , and 21 m in u te s . U n ir r a d ia te d  c e l l  s u s p e n s io n s  serv ed  as c o n t r o ls .  
The o x id a t io n  o f  g lu c o s e  was in h ib i t e d  by i r r a d ia t io n  (F ig u re  l 6 ) ;  t h i s  
i n h i b i t i o n  was p r o p o r t io n a l t o  th e  UV d o se . UV trea tm en t a l s o  in h ib i t e d  
th e  endogenous r e s p ir a t io n .  A f te r  7 m in u tes o f  i r r a d ia t io n ,  th e  endo­
gen ou s r e s p ir a t io n  was in h ib i t e d  a p o r o x im a te ly  25%. However, fu r th e r  
i r r a d i a t i o n  (1 4  and 21 m in u te s )  d id  n ot a d d i t io n a l ly  in h ib i t  th e  endo­
g en o u s r e s n ir a t io n .
B. O x id a tio n  o f  v a r io u s  s u b s t r a t e s  by UV ir r a d ia t e d  c e l l s .
The e f f e c t  o f  UV i r r a d ia t io n  upon th e  r e s n ir a to r y  r a te  was
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FIGURE 15
S u r v iv a l  o f  w h i^ e lla  s o n n e i , s t r a in  CH, in cu b a ted  
a t  25 G fo r  v a r y in g  n e r io d s  o f  t i n e  n r io r  t o  n la t in r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 4
3 0 0
UI
100
3 0  6 0  9 0
TIME (MINUTES)
120
figure 16
Effect of ultraviclet dooe unon the 
of Shir-ella sonnei; the substrate glucose.
resniratoiy activity 
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f u r t h e r  s tu d ie d  u s in g  o th e r  s u b s t r a t e s .  E xam ination  o f  Table V r e v e a ls  
t h a t  th e  l e v e l  o f  i n h i b i t i o n  f o l lo w in g  i r r a d ia t io n  v a r ie d  w ith  th e  
s u b s t r a t e s  em ployed. I n h ib i t io n  v a r ie d  from  6% (fu m a ric  a c id )  to  
( a s p a r t i c  a c i d ) .  F ig u r e  1? shows th e  in h i b i t i o n  r a t e s  g r a p h ic a l ly .  I t  
i s  i n t e r e s t i n g  to  n o te  (T a b le  V I) th a t  in  th e  p r e se n c e  o f some s u b s tr a te s  
t h e r e  was an a p p aren t r e c o v e r y  o f  o x id a t iv e  a c t i v i t y  w ith  an in c r e a s e  
i n  th e  l e n g t h  o f  tim e o f  c o n ta c t  b etw een  th e  c e l l s  and t h e  s u b s tr a te s  
(TCA c y c le  in te r m e d ia t e s )  w h ile  in  o th e r  c a se s  th e  o x id a t iv e  a c t iv it y -  
d e c l in e d  w ith  in c r e a s in g  tim e (am ino a c i d s ) .  F urtherm ore, th e  o x id a t io n  
o f  th e  in te r m e d ia te s  o f  th e  TCA c y c le  was f i r s t  a f f e c t e d ;  t h i s  was 
fo l lo w e d  by t h e  i n h i b i t i o n  o f  th e  o x id a t io n  o f  amino a c id s .  O c c a s io n a l ly ,  
n e i t h e r  an in c r e a s e  n o r  a d e c r e a se  i n  o x id a t iv e  a c t i v i t y  o f  th e  i r r a d ia t e d  
c e l l s  o c c u r r e d . T his e f f e c t  was o b se rv ed  when g lu c o s e ,  a s p a r t ic  a c id ,  
s e r i n e ,  and th r e o n in e  w ere u sed  a s  s u b s t r a t e s .  B a c t e r ia l  s u s p e n s io n s  
o r ig in a t in g  from  d i f f e r e n t  c u l tu r e s  e x h ib it e d  some v a r ia t io n  i n  th e  
r e l a t i o n s h i p  o f  th e  r a te  o f  oxygen u o ta k e  w ith  r e s p e c t  t o  th e  s u b s tr a te  
em p loyed . T h is  v a r ia t io n  co u ld  n o t be c o n t r o l le d .  I t  must be em phasized  
t h a t  th e  l e v e l  o f  i n h i b i t i o n  o f  r e s p ir a t o r y  a c t i v i t y  due to  UV i r r a d ia ­
t i o n  reco rd ed  in  th e  grap h s and t a b le s  r e p r e s e n ts  an average  o f  s e v e r a l  
t r i a l s .  The p e r c e n ta g e  o f  i n h i b i t i o n  v a r ie d  by a p p ro x im a te ly  p lu s  o r  
m inus 10^ , In  some c a s e s ,  n o ta b le  r e s p ir a to r y  a c t i v i t y  o f  c e l l s  em ploying  
fu m a ric  and s u c c in ic  a c id s  a s  s u b s t r a t e s ,  a s t im u la t io n  r a th e r  th an  an 
i n h i b i t i o n  o f  r e s p ir a t io n  fo llo w e d  th e  i r r a d ia t io n  tr e a tm e n t ,
E. E f f e c t  o f  M ick le  tr e a tm e n t on  th e  o x id a t iv e  r a te  o f  i r r a d ia t e d  
and u n ir r a d ia te d  c e l l s .
( l )  E f f e c t  o f  M ick le  tr e a tm e n t p r io r  t o  i r r a d ia t io n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 6
TABLE V
I n h ib i t io n  o f  th e  oxygen  u p ta k e  
o f  S h ig e l la  so n n e i by u l t r a v i o l e t  i r r a d ia t io n
S u b s tr a te P er  c e n t  in h ib i t io n *
Endogenous 28
Fumar a te 6
S u c c in a te 7
G lu co se 11
o ^ -k e to g lu ta r a te 33
Malat e 40
G lutam ate 60
P y ru v a te 61
G lutam ine 63
T hreon ine 65
S e r in e 68
A sp a r ta te 89
*
100  -  u l  oxygen  u p tak e by ir r a d ia t e d  c e l l s  x  100
u l  oxygen  u p tak e by u n ir r a d ia te d  c e l l s
D ata r e p r e s e n ts  th e  t o t a l  oxygen u p ta k e  a f t e r  
90  m in u tes  o f  o b s e r v a t io n .  The c e l l s  w ere ir r a d ­
ia t e d  f o r  1 0  m in u te s .
(The endogenous r e s p ir a to r y  r a t e s  w ere 
s u b tr a c te d  b e fo r e  th e  c a lc u la t io n s  w ere m ade.)
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FIGURE 17
Respiration of ultraviolet-irradiated and unirradiated 
Shigella sonnei, strain F-6, employing different substrates, 
n  glutainlc acid (unirradiated), W  glutamic acid (irradiated), 
O aspartic acid (unirradiated), • asnartic acid (irradiated), 
A  fumaric acid (unirradiated), ▲  fumaric acid (irradiated).
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TABLE VI
The i n h i b i t i o n  o f  th e  o x id a t io n  o f  v a r io u s  s u b s tr a te s  
by u l t r a v i o l e t  ir r a d ia t e d  S h ig e l la  so n n e i c e l l s
S u b s tr a te A c t iv i t y  e x p r e s se d  a s  p e r c e n t  
o f  th e  u n ir r a d ia te d  c o n tr o ls *
( a f t e r  v a r y in g  o e r io d s  of o b s e r v a t io n )
30  m in. 60 m in. 90  m in.
Endogenous
(no added s u b s tr a te )
83 75 72
P y ru v a te 28 41 39
M alate 28 52 60
o (-k e to  g lu t  a r a t  e 50 62 66
S u c c in a te 84 88 93
Fumarate 61 84 9 4
G lu co se 92 83 89
A sp a r ta te 9 10 11
S e r in e 31 34 32
T h reon in e 33 38 35
G lutam ine 50 47 37
G lutam ate 60 52 40
*  u l  oxygen  u p tak e by ir r a d ia t e d c e l l s X 100
u l  oxygen  u p tak e  by u n ir r a d ia te d  c e l l s
(The en d ogen ou s r e s p ir a to r y  r a t e s  w ere s u b tr a c te d  b e fo r e  th e  c a lc u la ­
t i o n s  w ere m ad e.)
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C e ll  s u s p e n s io n s  w ere shaken w ith  g la s s  beads th en  a l iq u o t s  
o f  th e  su s p e n s io n  w ere i r r a d ia t e d .  U n ir r a d ia te d  c e l l s  w h ich  had been  
t r e a t e d  in  th e  M ick le  T is su e  D is in t e g r a t o r  se r v e d  a s  a c o n t r o l .  The 
oxygen  u p tak e o f  th e s e  c e l l  s u sp e n s io n s  and o f  u n ir r a d ia te d  and ir r a d ia t e d  
u n d isr u p te d  c e l l s  was m easured em p loy in g  g lu c o s e  and g lu tam ic a c id  as  
s u b s t r a t e s ;  th e  endogenous a c t i v i t y  was a l s o  m easured . F ig u re  18 shows 
t h a t  a lth o u g h  endogenous r e s p ir a t io n  was in c r e a s e d  by th e  M ick le  t r e a t ­
m en t, th e r e  w ere no d i f f e r e n c e s  i n  r e s p ir a to r y  r a t e s  o f  d is r u p te d  o r  
i n t a c t  c e l l s  w h ich  had b een  exp osed  t o  UV ir r a d ia t io n .  M ic k le - tr e a te d  
c e l l s  r e s p ir e d  g lu c o s e  a t  a r a te  lo w e r  than  th a t  o f  i n t a c t  c e l l s .
H owever, th e  r e s p ir a t o r y  r a t e s  o f  UV ir r a d ia te d  i n t a c t  and d is r u p te d  
c e l l s  w ere a p p r o x im a te ly  th e  same (F ig u r e  1 9 ) .  When g lu ta m ic  a c id  was 
em ployed a s  th e  s u b s tr a te  M ick le trea tm en t had no e f f e c t  on th e  r a te  o f  
oxygen  con sum p tion  compared t o  i n t a c t  c e l l  c o n t r o ls .  However, f o l lo w in g  
UV i r r a d i a t i o n  th e  d is r u p te d  c e l l s  o x id iz e d  g lu ta m ic  a c id  a t  a r a te  
w h ich  was lo w e r  th an  t h a t  o f  i n t a c t  c e l l s  (F ig u r e  2 0 ) .
( 2 )  E f f e c t  o f  M ick le trea tm en t a f t e r  i r r a d ia t io n .
The f o l lo w in g  c e l l  s u sp e n s io n s  w ere s tu d ie d s  u n ir r a d ia te d  
d is r u p te d  c e l l s ,  i r r a d ia t e d  c e l l s  w h ich  w ere l a t e r  d is r u p te d , u n ir r a d ia te d  
i n t a c t  c e l l s ,  and i r r a d ia t e d  i n t a c t  c e l l s .  P y ru v ic  and a s p a r t ic  a c id  
w ere em ployed as th e  s u b s t r a t e s .  The endogenous r e s p ir a t io n  and r e s p ir a ­
t i o n  o f  a s p a r t ic  a c id  w ere in c r e a s e d  i n  c e l l s  d is r u p te d  by M ick le t r e a t ­
m en t, w hereas th e  r e s p ir a t io n  o f  p y ru v ic  a c id  was d e c r e a se d  by th e  same 
p r o c e s s  (F ig u r e  2 1 ) .  I t  i s  e v id e n t  t h a t  th e  p r o c e s s  o f  sh a k in g  c e l l s  
w ith  g l a s s  beads ( d is r u p t io n )  a f t e r  i r r a d ia t io n  g r e a t ly  d ecr ea se d  th e  
r e s p ir a t o r y  a c t i v i t y  on b oth  p y r u v ic  and a s p a r t ic  a c id .
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FIGURE 18
Endogenous resniratory activity of unirradiated 
and ultraviolet-irradiated whole cells and cells 
disrupted by shaking with glass beads. O i/hole 
cells (unirradiated), # whole cells (irradiated), 
O  disrupted cells (unirradiated), ■  disrupted 
cells (irradiated).
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FIGURE 19
Respiratory activity of unirradiated and ultraviolet- 
irradiated whole cells and cells disrupted by shading 
with glass beads; glucose was the substrate employed.
Owhole cells (unirradiated), #wholr cells (irradiated), 
D  disrupted cells (unirradiated), ■disrupted cells
(irradiated).
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FIGURE 20
Resoiratory activity of unirradiated and ultraviolet- 
irradiated whoir cells and cells disrupted by shaking 
with rlass beads; the substrate employed was glutamic 
acid. owhole cells (unirradiated), # whole cells
(irradiated), n  disrupted cells (unirradiated),
■  disrupted cells (irradiated).
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The respiratory activity of whole and dis ranted unirradiated cells comnared to the 
recniratorjr activity of cells which were disrunted after irradiation; undisrunted 
(whole) irradiated cells served as controls. 0 unirradiated whole cells,
# irradiated whole cells, O  unirradiated disrunted cells, ■ cells which
were disrunted after irradiation.
DISCUSSION
S h i g e l l a  so n n e i was found to  be s e n s i t i v e  t o  UV i r r a d ia t io n .  The 
d e g r e e  o f  s e n s i t i v i t y  was d ependent uoon th e  p h y s io lo g ic a l  c o n d it io n  o f  
t h e  organ ism s and th e  en viron m ent i n  w hich th e  organism s were ir r a d ia t e d .  
V a r ia t io n s  i n  th e  v ia b le  cou n t o f  UV ir r a d ia t e d  S . so n n e i were o b ta in e d  
by m o d if ic a t io n s  in  th e  p o s t - i r r a d ia t i o n  tr e a tm e n t . I t  has a l s o  been  
r e p o r te d  t h a t  S h ig e l la  s t r a i n s  v a r y  i n  t h e i r  s e n s i t i v i t y  to  UV l i g h t  
(P e a c o c k , 1 9 6 1 ) .  D o s e - s u r v iv a l  cu rv es  w ere o b ta in e d  f o r  S . so n n e i s t r a in s  
5 0 4 4 -5 9  and CH. S t r a in  CH was found to  be more r e s i s t a n t  t o  UV ir r a d ia ­
t i o n  th a n  s t r a i n  5 0 4 4 -5 9 . I t  i s  w e l l  e s t a b l i s h e d  t h a t  g e n e t ic  d i f f e r e n c e s  
a cco u n t f o r  a p o r t io n  o f  th e  v a r i a b i l i t y  i n  s e n s i t i v i t y  o f  m icroorgan ism s  
to  UV l i g h t  (W itk in , 1 9 4 6 ) .  The h e r e d ita r y  make u d  o f  b a c t e r ia ,  o r o v id e d  
t h e y  a re  grown under i d e n t i c a l  c o n d it io n s  so as to  m in im ize th e  e f f e c t  
o f  c u l t u r e ,  may a ls o  a f f e c t  th e  en zym atic  c o n s t i t u t io n  o f  th e  organ ism .
I t  h as been  shown by R ob erts  and A ldous (1 9 4 9 ) and by S ta o le to n  and 
E n g e l ( i 9 6 0 ) t h a t  en zy m a tic  c o n s t i t u t io n  can g r e a t ly  a f f e c t  th e  UV 
s e n s i t i v i t y  o f  m icro o rg a n ism s, S ta p le to n  e t  ^  (1 9 5 3 ) th ough t th a t  
p erh a p s anna ren t d i f f e r e n c e s  i n  t h e  r a d i o - s e n s i t i v i t y  among d i f f e r e n t  
s t r a i n s  was due to  d i f f e r e n c e s  in  t h e  h e a t s e n s i t i v i t y  o f  t h e ir  v i t a l  
s y s te m s . F or exam ple, one s t r a in  may n o t be a b le  t o  su r v iv e  a p o s t ­
i r r a d i a t i o n  in c u b a t io n  tem p era tu re  o f  37 C as w e l l  as a n oth er  due t o  th e  
h e a t  s e n s i t i v i t i e s  o f  sy stem s n e c e s s a r y  f o r  r e p a ir  and fu n c t io n  o f  th e  
c e l l .  In h e r e n t  d i f f e r e n c e s  i n  c a p a b i l i t i e s  o f  r e n a r a t iv e  n r o c e s s e s  i s  
a n o th e r  f a c t o r  w hich  may a f f e c t  th e  ap n aren t UV s e n s i t i v i t y  (Payne e t  a l .
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1 9 5 6 ) . A l l  o r  any o f  t h e  above c o n c e p ts  may p r o v id e  an e x p la n a t io n  f o r  
th e  d i f f e r e n c e s  i n  s u r v iv a l  o f  U V -ir r a d ia te d  c e l l s  o f  t h e  S h ig e l la  so n n e i  
s t r a in s  (5 0 4 4 -5 9  and CH), No c o n c lu s iv e  e v id e n c e  i s  a v a i la b le  in  th e  
p r e s e n t  s tu d y  w hich  e n a b le s  us to  s t a t e  p r e c i s e l y  w hich  f a c t o r ( s )  i s  
r e s D o n s ib le  f o r  th e  d i f f e r e n c e s  o b se rv ed  in  th e  two s t r a in s  em nloyed.
S e v e r a l  e x p la n a t io n s  may be o f f e r e d  to  a cco u n t f o r  d i f f e r e n c e s  in  
th e  UV s e n s i t i v i t y  o f  th e  organ ism s s tu d ie d  in  d i f f e r e n t  n h a ses  o f  t h e i r  
grow th c y c l e s .  S e v e r a l  grou p s o f  in v e s t ig a t o r s  have found th a t  e x o e r i -  
m en ta l c o n d it io n s  w hich  r e s u l t e d  in  a le n g th e n in g  o f  th e  la g  p e r io d  o f  
b a c t e r ia  a l s o  had th e  e f f e c t  o f  in c r e a s in g  th e s u r v iv in g  f r a c t io n s  o f  
i r r a d ia t e d  b a c t e r ia  (A lp e r  and G i l l i e s ,  1958b , I 9 6 0 ) .  I t  i s  w e l l  e s ta b ­
l i s h e d  t h a t  in o c u la  from  c u ltu r e s  in  th e  lo g a r ith m ic  nhase have a s h o r te r  
la g  p h a se  when t r a n s f e r r e d  to  f r e s h  c u ltu r e  m edia than in o c u la  o b ta in e d  
from  th e  maximum s t a t io n a r y  p h a se . T his may e x l a i n  th e  r e s u l t s  r ep o r ted  
in  t h i s  in v e s t ig a t io n ;  a p o n u la t io n  o f  c e l l s  from a c u ltu r e  in  th e  lo g a ­
r ith m ic  n h a se  was a n n a r e n t ly  more s e n s i t i v e  t o  i r r a d ia t io n  th a n  a n o n u la -  
t i o n  o f  c e l l s  from a c u ltu r e  in  th e  maximum s t a t io n a r y  n h a se . I t  has  
b een  r e o o r te d  th a t  no r e c o v e r y  o c cu r s  a f t e r  th e  f i r s t  d i v i s i o n  (L ea ,
1947; H o lla e n d e r  and S t a o le t o n ,  1953; A lp er and G i l l i e s ,  1 9 5 8 b ). I t  i s  
p o s s i b l e  th a t  when c e l l s  i n  a s t a t e  o f  ra n id  d i v i s i o n  a re  in ju r e d  by 
i r r a d i a t i o n  and th e n  p la t e d  im m ed ia te ly  upon a n u t r ie n t  medium, th e r e  i s  
i n s u f f i c i e n t  t im e  f o r  c e l l u l a r  r e n a ir ,  th u s  d eath  e n su e s . A nother p o s s ib le  
e x p la n a t io n  f o r  th e  r e la t io n s h ip  betw een UV s e n s i t i v i t y  and phase o f  
grow th  l i e s  in  th e  com narison  o f  th e  DNA/RNA r a t io s  a t  d i f f e r e n t  n h a ses  
o f  g ro w th . I t  has b een  r e p o r te d  th a t  th e  DNA/RNA r a t io  i s  g r e a t e r  in  
s t a t io n a r y  p h ase c e l l s  th an  in  c e l l s  in  th e  lo g a r ith m ic  nhase (H arold
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and Z ip o r in , 1958a; G i l l i e s  and A lp er , I 9 6 0 ) .  I t  i s  in t e r e s t i n g  to  n o te  
t h a t  th e  s e n s i t i v i t y  to  UV i r r a d ia t io n  has b een  r e la t e d  to  t h i s  r a t i o .
Weed and L o n g fe llo w  (1 9 5 4 ) found th a t  t h e  r a t io  o f  DNA/rNA was n e a r ly  
tw ic e  a s  g r e a t  in  an E. c o l i  m utant when compared to  th e  norm al E. c o l l  
and t h a t  t h i s  v a r ia n t  p o s s e s s e d  much g r e a te r  r e s i s t a n c e  t o  UV ir r a d ia ­
t io n  th a n  d id  th e  norm al E. c o l i  c e l l s .  Pardee and P r e s t id g e  (1 9 5 8 )  
found t h a t  DNA s y n t h e s is  was in h ib i t e d  35^ w h ile  RNA and p r o te in  s y n t h e s is  
was in h ib i t e d  05^ when c e l l s  w ere grown in  th e  p r e se n c e  o f  B - 2 - t h i e n y la l -  
a n in e , th u s  th e r e  was a r e l a t i v e  in c r e a s e  i n  DNA. They found th a t  c e l l s  
grown under t h e s e  c o n d it io n s  w ere more r e s i s t a n t  t o  UV l i g h t ,  t h e r e f o r e ,  
t h e y  th o u g h t th a t  th e  r e l a t i v e  su r p lu s  o f  DNA compared t o  p r o t e in  and 
RNA l e v e l s  was r e s o o n s ib le  f o r  th e  r e s i s t a n c e .  H arold and Z io o r in  
(1 9 5 8 a ) found t h a t  t h e  DNA c o n te n t  p e r  c e l l  was g r e a te r  in  E. c o l i  B 
and E. c o l i  B /r  when s tu d ie d  in  t h e  s t a t io n a r y  p h ase as comnared t o  th e  
lo g a r ith m ic  p h a se , w hereas th e  r e s u l t s  o f  G i l l i e s  and A lner ( i9 6 0 )  showed 
t h a t  th e  DNA c o n te n t  p e r  c e l l  w as l e s s  in  s t a t io n a r y  p h ase c e l l s  th an  in  
lo g a r ith m ic  p h a se  c e l l s ,  M orse and C arter  (1 9 4 9 ) r e o o r te d  th a t  E, c o l i  
B /r  had more DNA th an  c e l l s  o f  E. c o l i  B and c o r r e la te d  t h i s  w ith  th e  
h ig h e r  UV r e s i s t a n c e  o f  th e  B /r  s t r a i n .  Puck (1 9 5 9 ) h y p o th e s iz e d  th a t  an 
in c r e a s e  in  DNA c o n te n t  r e s u l t e d  in  g r e a te r  s e n s i t i v i t y  o f  th e  c e l l s  t o  
th e  dam aging e f f e c t s  o f  i r r a d ia t io n  due t o  an  in c r e a s e  in  th e  " ta r g e t  
a r e a ."  The work o f  H arold  and Z ip o r in  (1 9 5 8 a ) and G i l l i e s  and A lp er  
( i 9 6 0 ) f a i l e d  t o  co n firm  th e  r e s u l t s  of Morse and C arter  (1949) but th e  
d is c r e p a n c y  i n  th e  r e s u l t s  o f  th e  form er two groups o f  w orkers a s  t o  th e  
c o n te n t  o f  DNA o f  c e l l s  r e l a t i v e  t o  th e  p h ase o f  grow th  has n ot b een  
s e t t l e d .  However, i t  i s  q u ite  l i k e l y  th a t  th e  h ig h e r  DNA/RNA r a t io  in
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t h e  s t a t io n a r y  p h ase c e l l s  was r e sp o n s ib le ^  at l e a s t  in  p a r t ,  f o r  th e  
in c r e a s e  i n  r e s i s t a n c e .  In v iew  o f  th e  n r e s e n t  s t a t u s  o f  in fo r m a tio n  
r e g a r d in g  th e  DNA c o n te n t  d u r in g  th e  grow th cu r v e , no p a r a l l e l s  can be 
drawn i n  reg a rd  to  th e  e f f e c t  o f  DNA c o n te n t and UV s e n s i t i v i t y .  R es ista n ce-, 
w h ich  was a t a  peak in  th e  maximum s t a t io n a r y  phase d e c l in e d  s t e a d i l y  w ith  
th e  o n se t  o f  th e  d ea th  p h a se . P o s s ib ly  d y in g  c e l l s  w ere more s e n s i t i v e  to  
th e  i r r a d i a t i o n  e f f e c t s  o r  w ere l e s s  ca p a b le  o f  r e c o v e r in g  from th e  damage.
To r u le  ou t th e  p o s s i b i l i t y  th a t  dead c e l l s  p r e s e n t  in  th e  p o p u la tio n  under­
g o in g  i r r a d ia t io n  d id  n o t in  some way a m p lify  th e  t o x ic  e f f e c t s ,  l i v e  c e l l  
p o p u la t io n s  w ere ir r a d ia t e d  a lo n e  and a ls o  in  th e  p r e se n c e  o f  v a ry in g  con ­
c e n t r a t io n s  o f  dead c e l l s .  No d i f f e r e n c e s  in  th e  s u r v iv in g  f r a c t io n  were 
d e t e c te d  betw een  th e  c o n t r o l  p r e p a r a t io n  c o n ta in in g  w h o lly  l i v e  c e l l s  and 
t h e  l i v e  c e l l s  w hich w ere ir r a d ia t e d  in  th e  p r e se n c e  o f  dead c e l l s ,
A v a r ia b le  w hich  co u ld  n o t be c o n t r o l le d  was t h a t  th e  c o n c e n tr a t io n  o f  l i v e  
c e l l s  u n d erg o in g  i r r a d ia t io n  was n ot c o n s ta n t  due to  th e  f a c t  t h a t  th e  p r o ­
p o r t io n  o f  l i v e  c e l l s  d e c r e a se d  w ith  th e  en su in g  d ea th  p h a se . The p e r c en ta g e  
o f  c e l l s  w hich  su r v iv e d  th e  UV tr e a tm e n t , d eterm in ed  by co lo n y  c o u n t, 
f o l lo w in g  i r r a d ia t io n  o f  10^ , 10^ , and 10^ c e l l s / m l  was th e  sam e. These 
r e s u l t s  con firm ed  th o s e  r e p o r te d  by Lea (1 9 4 7 )°
S t a r v a t io n  a t  10 and 37 0 ren d ered  th e  c e l l s  more r e s i s t a n t  to  
UV i r r a d i a t i o n .  Maximum r e s i s t a n c e  d ev e lo p ed  a f t e r  a lo n g e r  
p e r io d  o f  s ta r v a t io n  and a g r e a te r  in c r e a s e  i n  r e s i s t a n c e  was 
r e a c h e d  when th e  c e l l s  were s ta r v e d  a t  37 C, However, a 
d e c l in e  in  r e s i s t a n c e  fo llo w e d  th e  maximum in  both  in s t a n c e s .
A lth ou gh  G ie se  and Reed (1 9 4 0 ) r e p o r te d  th a t  s ta r v e d  param ecia  w ere more 
s e n s i t i v e  to UV l i ^ t  . G ie s e ,  I v e r s o n , and Sanders (1 9 5 7 ) l a t e r  r e p o r te d
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t h a t  y e a s t s  s ta r v e d  f o r  1? h ours p o s s e s s e d  a g r e a t e r  r e s i s t a n c e  th a n  
y e a s t  c e l l s  j u s t  p a s t  th e  lo g a r ith m ic  p h ase but l e s s  th a n  y e a s t  c e l l s  
i r r a d ia t e d  i n  th e  lo g a r ith m ic  p h a se . T h is in d ic a t e s  th a t  s ta r v a t io n  
a lo n e  was n o t r e s p o n s ib le  f o r  t h e  d e c r e a se d  r e s i s t a n c e .  Earner and 
Cohen (1 9 $ 6 ) found th a t  when th e  i n t r a c e l l u l a r  su p p ly  o f  carbon and 
n itr o g e n  compounds was red u ced  by s ta r v a t io n ^  th e  seco n d a ry  d ea th  w hich  
f o l lo w e d  a p r e v io u s  r e s t o r a t io n  i n  a medium d ev o id  o f  g lu c o se  or  
n itr o g e n  d id  n o t o c c u r . T h ere fo re  when th e  i r r a d ia t e d  p o p u la t io n  was 
p la t e d ,  an in c r e a s e  i n  v ia b le  count r e s u l t e d  w hich c c u ld  be a t t r ib u t e d  
t o  th e  s t a r v a t io n  p r o c e d u r e . S tu d ie s  done w ith  r a d io is o t o p e s  have  
r e v e a le d  t h a t  p r o t e in  undergoes a  s l i g h t  d e s t r u c t io n  a t f i r s t  i n  grow ing  
c e l l s  and th e n  s t a b i l i z e s ,  w hereas p r o t e in  d e g r a d a tio n  in  n on -grow ing  
c e l l s  ( c e l l s  s u b je c te d  t o  c o n d it io n s  w hich  in h ib i t e d  n e t  s y n t h e s is  o f  
p r o t e in ,  i . e . ,  s t a r v a t io n )  c o n t in u e s  a t  a l in e a r  r a te  (M andelstam .
1 9 5 8 ) ,  C e s s a t io n  o f  g ro w th , r e g a r d le s s  o f  th e  r e a so n s , a ls o  r e s u lt e d  
i n  th e  d e g r a d a t io n  o f  RNA (M andelstam  and H a lv o rso n , I960? Banner and 
Cohen, 1 9 5 8 ) .  DNA i s  p r o b a b ly  s t a b le  under c o n d it io n s  o f  s t a r v a t io n  
(E a rn er  and Cohen, 1958? M andelstam , I 9 6 0 ) ,  M andelstam ( i9 6 0 )  b e l ie v e d  
t h a t  th e  r ib o n u c le a s e  and p r o te a s e  on th e  r ib osom es are  l ib e r a t e d  when 
th e  r ib o so m es d i s i n t e g r a t e  under c o n d it io n s  o f  s ta r v a t io n .  Most o f  
t h e s e  r e s u l t s  have b een  o b ta in e d  a f t e r  j u s t  a few  hours o f  s ta r v a t io n .
I t  i s  g e n e r a l ly  assum ed th a t  RNA and p r o t e in  a r e  p r o g r e s s iv e ly  degraded  
w ith  p r o lo n g a t io n  c f  s t a r v a t io n .  T h e r e fo r e , s t a r v a t io n  r e s u l t s  in  an 
in c r e a s e  i n  th e  DNA/RNA and D N A /protein  r a t i o s .  In c r e a se d  r e s i s t a n c e  tc  
UV ir r a d i a t i o n  was c o r r e la t e d  w ith  an  in c r e a s e  in  th e  DNA/RNA r a t io  (Weed 
and L c n g fe l lc w , 1954? P ardee and P r e s t id g e ,  1 9 5 8 ) .  An in c r e a s e  in  th e
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D N A /p rotein  r a t io  has a l s o  been  c o r r e la t e d  w ith  an in c r e a s e  in  r e s i s t ­
an ce t o  t h e  e f f e c t s  o f  r a d ia t io n  (P ardee and P r e s t id g e ,  1958; B i l l e n ,
1959; G a lla n t  and S u sk in d , I 96I ) .  I f  th e  s u g g e s t io n  o f  Hanawalt and 
S e t lo w  ( i 9 6 0 ) t h a t  th e  r ib o so m es a re  th e  or im ary  s i t e s  f o r  a b so r p t io n  o f  
UV b u t t h a t  prim ary damage i s  t o  th e  DNA w hich may be a s s o c ia t e d  w ith  th e  
rib o so m es p ro v e s  t o  be t r u e ,  i t  seems r e a so n a b le  t h a t  an in c r e a s e  in  th e  
DNA/ENA r a t io  co u ld  r e s u l t  in  an in c r e a s e  i n  r e s i s t a n c e  due to  th e  f a c t  
th a t  l e s s  o f  th e  l i g h t  i s  absorbed  and th e  r e l a t i v e  p o r t io n  o f  th e  DNA 
damaged i s  red u ced .
C e l l s  s ta r v e d  a t  37  C reach ed  ootimum r e s i s t a n c e  l a t e r  th a n  c e l l s  
s ta r v e d  a t  10  C. C e l l s  s ta r v e d  a t  3 7  C a l s o  o b ta in ed  a h ig h e r  d egree  
i n  r e s i s t a n c e  t o  UV th a n  d id  c e l l s  s ta r v e d  a t  10 C. An adequate ex p la n a ­
t io n  f o r  t h e s e  r e s u l t s  can n ot be g iv e n .  The su b seq u en t d e c l in e  in  r e s i s t ­
an ce may have been  due t o  damage t o  th e  c e l l s  caused  by th e  s t a r v a t io n  
r e a c h in g  a l e v e l  where th e  c e l l  i s  u n a b le  t o  r e c o v e r  from  th e  a d d it io n a l  
dam aging e f f e c t  o f  i r r a d i a t i o n .
In  th e  p r e s e n t  s tu d y , sh o r t  term  f r e e z in g  and sh a k in g  w ith  g la s s  
b ead s f a i l e d  t o  a l t e r  th e  s e n s i t i v i t y  o f  th e  c e l l s  t o  d o s e s  o f  UV l i g h t  
w hich  r e s u l t e d  in  un to  about 90^  in a c t i v a t i o n .  Sherman and Cameron (1 9 3 4 )  
found  t h a t  c e l l s  i n  th e  lo g a r ith m ic  n h ase w ere v e r y  s e n s i t i v e  t o  c o ld  
sh o c k in g  w h i le  th o s e  i n  th e  s t a t io n a r y  phase w ere many t im e s  more r e s i s t a n t ,  
C e l l s  em ployed in  t h e  p r e s e n t  s tu d y  w ere from a c u ltu r e  in  th e  maximum 
s t a t io n a r y  n h a se . I t  may be th a t  in ju r y  was so s l i g h t  t h a t  th e  c e l l s  w ere 
n o t ren d ered  more s u s c e p t ib l e  to  the UV tr e a tm e n t . At h ig h e r  d o se s  c f  
UV i r r a d i a t i o n ,  th e  c e l l s  sh ak en  w ith  g la s s  beads an p eared  to  be s l i g h t l y  
more s e n s i t i v e  t o  UV l i g h t  th an  c o n t r o l  c e l l s .  I t  may be th a t  th e  in j u r i e s
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i n f l i c t e d  by s h o r t  term  f r e e z in g ,  sh a k in g  w ith  g la s s  b ead s, and UV 
i r r a d i a t i o n  are  n o t a d d i t iv e .
The organ ism s w ere p r o te c te d  a g a in s t  th e  e f f e c t s  o f  UV i r r a d ia t io n  
when ir r a d ia t e d  in  b u f f e r  s o lu t io n s  o f  lo w ered  s u r fa c e  t e n s io n s .  The 
lo w ered  s u r fa c e  t e n s io n  p e r  s e  d id  n o t p r o t e c t  th e  organ ism . Examina­
t i o n  o f  th e  r e s u l t s  r e v e a le d  th a t  th r e e  s e p a r a te  s u r fa c e  t e n s io n  s u r v iv a l  
c u r v e s  w ere o b ta in e d :  one f o r  each  s u r fa c e  a c t iv e  agen t em ployed. I f
lo w e re d  s u r fa c e  t e n s io n  a lo n e  were r e s p o n s ib le  f o r  th e  re d u c tio n  in  
s e n s i t i v i t y  th r e e  w id e ly  s c a t t e r e d  cu rv es  p ro b a b ly  w ould  n ot have  
r e s u l t e d .  The p o s s i b i l i t y  t h a t  t h e  lo w ered  s u r fa c e  t e n s io n  had a p r o te c ­
t i v e  e f f e c t  o r  even  a t o x i c  e f f e c t  w hich was m o d if ie d  by the s u r fa c e  
a c t iv e  a g e n t em ployed cannot be r u le d  o u t . However, i t  i s  a l s o  p o s s ib le  
t h a t  t h e  a g en t u sed  t o  lo w er the s u r fa c e  t e n s io n  was s o l e l y  r e s p o n s ib le  
f o r  th e  p r o t e c t io n .  I t  was n o t d eterm in ed  w hether th e  a g e n ts  p r o te c te d  
by a b s o r p t io n  o f  UV l i g h t  o r  by th e  d e s t r u c t io n  o f  t o x i c  p rod u cts  
prod u ced  by th e  i r r a d i a t i o n .
V a ry in g  th e  pH v a lu e s  o f  th e  su sp en d in g  m edia i n  which c e l l s  were 
i r r a d ia t e d  had no d e t e c t a b le  e f f e c t  on th e  p e r c e n ta g e  o f  s u r v iv o r s  
o b ta in e d . I t  i s  d o u b tfu l t h a t  t h e  i n t e r c e l l u l a r  c o n s t i t u e n t s  o f  th e  
c e l l s  w ere a f f e c t e d  by th e  short, c o n ta c t  w ith  th e  b u f f e r s  h a v in g  v a r io u s  
hydrogen  io n  c o n c e n t r a t io n s .  The damage to  th e  c e l l  by i r r a d ia t io n  in  
th e  d o se s  em ployed i s  p ro b a b ly  p r im a r ily  d i r e c t l y  on th e  c e l l  i t s e l f  
r a th e r  th a n  due t o  t o x in s  produced in  th e  e x t r a c e l l u l a r  environm ent 
(L oofb ourow , 1 9 4 8 ) .
P o s t - i r r a d ia t io n  p ro ced u res  w ere found in  t h i s  i n v e s t ig a t io n  t o  have  
a s i g n i f i c a n t  e f f e c t  on th e  a b i l i t y  o f  th e  organism s to  s u r v iv e  th e  UV
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tr e a tm e n t . The c o m p o sit io n  o f  th e  r e c o v e r y  medium upon w hich  ir r a d ia te d  
b a c t e r ia  w ere p la te d  was a f a c t o r  w h ich  in f lu e n c e d  th e  d e c is io n  f o r  o r  
a g a in s t  s u r v iv a l  o f  a p o r t io n  o f  th e  b a c t e r ia .  R ecovery from  UV damage 
was g r e a t e s t  upon E rlandson-M ackey (EM) c h e m ic a lly  d e f in e d  medium, 
p o o r e s t  on B ra in  H eart I n f u s io n  (BHI) agar and in te r m e d ia te  on n u tr ie n t  
agar (N A ). The a b i l i t y  o f  u n ir r a d ia te d  organ ism s t o  form c o lo n ie s  was 
eq u a l on th e  th r e e  m ed ia . Two p o s s i b i l i t i e s  as  t o  th e  rea so n  fo r  th e s e  
r e s u l t s  came t o  mind: e i t h e r  th e  EM medium c o n ta in e d  a h ig h e r  co n cen tra ­
t i o n  o f  grow th  f a c t o r s  f o r  w hich  t h e  i r r a d ia t io n  had induced  a s p e c ia l  
req u irem en t o r  th e  BHI medium c o n ta in e d  f a c t o r s  w hich in h ib it e d  co lo n y  
fo rm a tio n  by th e  ir r a d ia t e d  b a c t e r ia .  C o n s t itu e n ts  o f  th e  EM medium added 
s in g l y  t o  th e  BHI medium d id  n o t in c r e a s e  r e c o v e r y  o b ta in e d  on th e  BHI 
medium. The n it r o g e n  so u r c e  o f  th e  EM medium, a s p a r t ic  a c id ,  had a s l i g h t  
e f f e c t ;  h ow ever, th e  p e r c e n ta g e  o f  s u r v iv o r s  o b ta in e d  d id  n o t approach  
t h a t  o b ta in e d  on th e  EM medium. However, when BHI medium was added t o  
EM medium, s u r v iv a l  d e c r e a s e d . The e v id e n c e  in d ic a te d  t h a t  th e  l a t t e r  
h y p o th e s is  was t r u e .  R o b erts  and A ldous (1 9 4 9 ) found th a t  g r e a te r  r e c o v e r y  
from  UV l i g h t  o ccu rred  on a c h e m ic a lly  d e f in e d  medium th an  on n u tr ie n t  
a g a r . A d d it io n  o f  th e  n u tr ie n t  medium in  a c o n c e n tr a t io n  o f  1% t o  th e  
c h e m ic a lly  d e f in e d  medium r e s u l t e d  in  a d e c r e a s e  in  th e  s u r v iv in g  f r a c t io n ,  
A lp e r  and G i l l i e s  (1 9 5 8 a ) fou nd  r e c o v e r y  was g r e a te r  on D ifc o  n u tr ie n t  
a g a r  th a n  on O xoid b lo o d  b a se  agar and th a t  a d d it io n  o f  the l a t t e r  to  th e  
form er in h ib i t e d  r e c o v e r y . They a l s o  found t h a t  th e  in h ib i t in g  f a c t o r s  
w ere d ia ly z a b le ;  c h lo r id e  was found to  be SDmev/hat in h ib i t o r y  and a 
f a c t o r  w hich  th e y  d id  n o t i d e n t i f y  (b u t w h ich  was a s s o c ia t e d  w ith  p ep to n e )  
was l a r g e l y  r e s p o n s ib le  fo r  th e  r e d u c t io n  o f  s u r v iv a l .  P eptone i s
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p r e s e n t  a t  a h ig h e r  c o n c e n tr a t io n  in  Oxoid b le e d  agar th an  in  D ifc o  
n u t r ie n t  a g a r . The c o n c e n tr a t io n  o f  p ep ton e in  n u tr ie n t  a g a r  was found  
t o  be in v e r s e ly  r e la t e d  t o  s u r v iv a l  (A lp er  and G i l l i e s ^  1 9 5 8 b ), W ain- 
w r ig h t  and N e v i l l  (1 9 5 5 ) a l s o  r e p o r te d  th a t  th e  number o f  s u r v iv o r s  
was red u ced  when ir r a d ia t e d  c e l l s  were in c u b a te d  i n  a p ep to n e  medium.
The c o n c e n tr a t io n  o f  p ep to n e  i n  t h e  BHI medium i s  tw ic e  a s  g rea t a s  i n  
th e  NA medium and t h e  EM medium c o n ta in s  no p e p to n e . I t  i s  v e r y  l i k e l y  
t h a t  t h e  f a c t o r ( s )  in h ib i t o r y  t o  r e c o v e r y  a s s o c ia t e d  w ith  p ep to n e  was 
r e s p o n s ib le  f o r  th e  d i f f e r e n c e s  i n  s u r v iv a l  o b ta in e d  on th e  d i f f e r e n t  
m edia  u sed  i n  t h i s  p r e s e n t  s tu d y . T h is  e x p la n a t io n  becom es even  more 
p ro b a b le  i n  v iew  o f  th e  r e la t io n s h ip  b etw een  th e  s u r v iv a l  o b ta in e d  on  
a l l  t h r e e  m edia and th e  c o n c e n tr a t io n  o f  p ep to n e  in  th e  medium. There 
i s  a n o th e r  p o s s ib l e  e x p la n a t io n  f o r  t h e s e  same r e s u l t s  w h ich  may o r  may 
n ot in v o lv e  p e p to n e . A lp er  and G i l l i e s  (1 9 5 8 b , I9 6 0 )  p rop osed  +hat 
i n a c t i v a t i o n  was due i n  p a r t  to  i n j u r i e s  which le a d  t o  an im b alan ce in  
th e  s y n t h e t ic  p r o c e s s e s  o f  th e  c e l l  and t h a t  r e c o v e r y  co u ld  be enhanced  
b y  c o n d it io n s  o f  grow th  w hich  w ere su b cp tim a l fo r  th e  organism s,. They 
fou nd  t h a t  u n ir r a d ia te d  and ir r a d ia t e d  b a c t e r ia  had a s h o r te r  la g  phase  
i n  m ed ia  w h ich  gave p o o r e s t  r e c o v e r y . The r e s u l t s  o f  t h i s  present' 
i n v e s t i g a t i o n  w ere i n  a cco rd a n ce  w ith  t h i s .  A lth ough  th e  number o f  
c o lo n ie s  produced  by u n ir r a d ia te d  c e l l s  was eq u a l on each  o f  th e  t h r e e  
r e c o v e r y  m edia  (EM  ̂ NA., and BH I), th e  s i z e  c f  th e  c o lo n ie s  form ed on 
t h e  m edia by u n ir r a d ia te d  and ir r a d ia t e d  org a n ism s v a r ie d . A f te r  
com parable p e r io d s  o f  in cu b a tio r ir  c o lo n ie s  w ere la r g e s t  on th e  BHI 
medium, s m a l le s t  on  th e  EM me^iium and th o s e  form ed upon th e  NA w ere in t e r  
m e d ia te . T h is  o b s e r v a t io n  and th e  f a c t  t h a t  t h e  la g  p h ase o f  u n ir r a d ia le d
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b a c t e r ia  i n  b ro th  was s h o r t e s t  in  BHI medium^ lo n g e s t  i n  th e  EM medium 
and o f  in te r m e d ia te  le n g th  i n  n u tr ie n t  b ro th  (NB) le a d  t o  th e  c o n c lu ­
s io n  t h a t  th e  medium which i s  b e s t  f o r  growth i s  p o o r e s t  fo r  r e c o v e r y  o f  
UV damaged b a c t e r ia „ T h is r e la t io n s h in  may r e s u l t  due t o  th e  n o s s i b i l i t y  
f o r  a g r e a t e r  r a te  o f  u n b a lan ced  grow th w hich le a d s  t o  d ea th  o r  th e  tim e  
f o r  r e p a ir  may have b een  i n s u f f i c i e n t  in  th e  medium w hich a llo w ed  more 
ra p id  d i v i s i o n .
In  d i r e c t  c o n t r a s t  t o  th e  c o n c lu s io n s  j u s t  d is c u s s e d  are th e  
r e s u l t s  o b ta in e d  when ir r a d ia t e d  c e l l s  p la te d  on n u tr ie n t  a g a r  w ere 
in c u b a te d  a t  d i f f e r e n t  tem o e r a tu r e s  f o r  a 24 hour p e r io d  o r io r  t o  
in c u b a t io n  a t  37 C f o r  24 h o u r s . S u r v iv a l in c r e a s e d  w ith  an  in c r e a s e  
i n  tem p era tu re  ( 1 5 ,  2 7 , and 37 C w ere em p loyed ). S im ila r  r e s u l t s  have  
been r e p o r te d  by A nderson (1 9 4 9 , 1951) and A lp er  and G i l l i e s  ( I 9 6 0 ) .
A lp er  and G i l l i e s  ( I 9 6 O) su g g e s te d  t h a t  perhaps when n u t r ie n t s  are  
a v a i la b le  to  i r r a d ia t e d  c e l l s  h e ld  a t  lo w er  te m o e r a tu r e s , a d i f f e r e n c e  
i n  t h e  r a te  c o n s ta n ts  o f  two o r  more s y n t h e t ic  p a th w ays, one o f  w h ich  
i s  damaged, e x i s t s  w hich r e s u l t s  in  maximum r a d ia t io n  damage. Perhaps  
th e  s y n t h e t i c  pathw ays n e c e s s a r y  f o r  r e p a ir  are  rendered  more s u s c e p t ib le  
t o  lo w e r  tem p era tu res  by t h e  i r r a d ia t io n .  S e n s i t i z a t i o n  t o  h ea t by 
i r r a d i a t i o n  h a s  been  r e o o r te d  (B o v ie  and K le in ,  1919; G iese  and H eath, 
1 9 4 8 ) .  I t  i s  p o s s ib le  th a t  i r r a d ia t io n  can s e n s i t i z e  th e  c e l l s  t o  lo w e r  
te m p e r a tu r e s .
H old in g  i r r a d ia t e d  c e l l s  i n  b u ffe r  a t  25 C p r io r  to  p la t in g  in c r e a s e d  
th e  number o f  b a c t e r ia  ca p a b le  o f  c o lo n y  fo r m a tio n . Optimum reco v e ry  
o c c u r r e d  when ir r a d ia t e d  c e l l s  w ere in c u b a te d  in  b u f f e r  f o r  1 -4  h o u rs. 
A f te r  8 h ou rs s u r v iv a l  was l e s s  th a n  th a t  o b ta in e d  when c e l l s  w ere
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p la t e d  im m ed ia te ly  a f t e r  i r r a d i a t i o n .  The o b s e r v a t io n  th a t  th e r e  was no 
in c r e a s e  i n  th e  p o p u la t io n  o f  u n ir r a d ia te d  b a c t e r ia  i s  ev id e n c e  th a t  
r e s t o r a t io n  r a th e r  th a n  m u l t ip l i c a t io n  o f  th e  ir r a d ia t e d  p o p u la tio n  
o c c u r r e d . C h a r les  and Zimmerman (1 9 5 6 ) term ed t h i s  phenomenon "dark 
r e a c t iv a t io n ."  A lp er and G i l l i e s  (19 5 8 b ) s u g g e s te d  th a t  th e  in c r e a s e  
in  s u r v iv a l  o b ta in e d  may be due to  r e ta r d a t io n  o f  m etab o lism  w hich a c t s  
by p r o t e c t in g  th e  i r r a d ia t e d  b a c t e r ia  a g a in s t  th e  a c t io n  o f  th e  "peptone  
f a c to r "  i n  th e  n la t in g  medium. T h e ir  h y p o th e s is  was based  on th e  f in d in g  
th a t  i f  in ju r e d  b a c t e r ia  a re  t r a n s f e r r e d  e a r ly  from a b e n e f i c ia l  medium 
to  a medium in h ib i t o r y  f o r  r e c o v e r y , th e  organ ism s were s u s c e p t ib le  t o  
th e  e f f e c t s  o f  th e  h arm fu l medium. However, i f  th e r e  was a p e r io d  
b e fo r e  in tr o d u c t io n  in t o  th e  i n h i b i t i n g  en v iron m en t, th e  b a c te r ia  w ere  
no lo n g e r  a f f e c t e d  by th e  s u b s ta n c e s  harm ful tow ard s reco v ery  (W eather- 
wax, 1956b ) .
I t  has been  r e o o r te d  th a t  a lth o u g h  some p r o t e in  s y n t h e s is  i s  
n e c e s s a r y  f o r  r e p a ir ,  an exogenous so u rce  o f  n itr o g e n  subsequent co  
i r r a d i a t i o n  in h ib it e d  r e c o v e r y  (D oudney, 1959; Sawada and S u zu k i. I 9 6 0 ) .  
Im m ediate p o s t - i r r a d ia t i o n  c o n ta c t  w ith  n u t r ie n t s  may fa v o r  unbalan ced  
grow th w h ich  le a d s  t o  d e a th , w h ile  h o ld in g  b e fo r e  p la t in g  fa v o r s  rep a r a ­
t i v e  p r o c e s s e s .  In  a c t u a l i t y  t h e  c e l l s  suspended  in  th e  b u ffe r  are  
u n d erg o in g  s t a r v a t io n .  The breakdown o f  RNA and p r o te in  under t h i s  
c o n d it io n  may p rev en t u n b a lan ced  grow th and th e  r e s u l t in g  in c r e a s e  an 
th e  f r e e  amino a c id  p o o l (brought about by s ta r v a t io n  c o n d it io n s )  cou ld  
c o n c e iv a b ly  a id  in  th e  r e c o v e r y  by su p o ly in g  th e  amino a c id s  re q u ir e d  
f o r  s y n t h e s i s  o f  th e  enz;/mes and m e ta b o lit e s  n e c e s s a r y  fo r  r e s t o r a t iv e  
p a th w a y s. R o b erts  and A ldous (1 9 4 9 ) e x p la in e d  r e s t o r a t io n  which r e s u lte d
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due to  p o s t - i r r a d ia t i o n  in c u b a t io n  i n  l iq u id  medium as b e in g  due to  th e  
d e s tr u c t io n  o f  a c e l l  "poison"  p roduced  by th e  ir r a d ia t io n .  Earner and 
Cohen (1 9 5 6 ) p rop osed  t h a t  p erh ap s two ty p e s  o f  damage a re  cau sed  by  
ir r a d ia t io n :  one a m o d if ic a t io n  o f  th e  DNA w hich t h e y  r e p r e se n te d
by "DN/A" w hich i s  r e p a ir e d  by p l a t i n g ,  and th e  o th e r  th e  p ro d u ctio n  
o f  a t o x i c  p ro d u ct w h ich  d e c a y s  i n  a l iq u id  medium. They fu r th e r  
h y p o th e s iz e  th a t  th e  "DN/A" i t s e l f  may be th e  t o x ic  p ro d u ct. B i l l e n  
( 1 9 5 7 ) fou nd  t h a t  th e  r e le a s e  o f  2 6 0  mu ab so rp in g  m a te r ia l  from UV 
i r r a d ia t e d  c e l l s  was in h ib i t e d  in  th e  a b sen ce  o f  exogenous m e ta b o l i t e s .  
P r e v e n tio n  o f  th e  l o s s  o f  t h i s  f r a c t io n  by in c u b a t io n  in  a n u t r ie n t -  
f r e e  medium may p r e v e n t  d ea th  o f  th e  c e l l .  No c o n c lu s io n s  can be 
rea ch ed  as t o  w h ich , i f  a n y , o f  t h e  above h y p o th e se s  e x p la in  th e  r e a c t iv a ­
t i o n  o b ta in e d . The r e d u c t io n  in  th e  number o f  v ia b le  c e l l s  w hich  
o c c u r re d  a f t e r  th e  peak  r e s t o r a t io n  may have been due t o  a maximum l e v e l  
w hich  was a t t a in e d  a f t e r  w hich r e p a r a t iv e  p r o c e s s e s  co u ld  no lo n g e r  
p r o c ee d  u n le s s  n u t r ie n t s  w ere s u p p lie d .  I t  i s  a l s o  p o s s i b l e ,  i f  th e  
two ty p e s  o f  damage p ro p o sed  b y  Earner and Cohen (1 9 5 6 ) are  t r u e ,  th a t  
a lth o u g h  th e  d ecay  o f  th e  t o x i c  p ro d u ct i s  o c c u r r in g , th e  damage t o  th e  
DNA becom es i r r e v e r s i b l e  upon o ro lo n g e d  in c u b a t io n  in  a l iq u id  en v iro n ­
ment and t h a t  th e  c e l l  cannot r e c o v e r  when n u t r ie n t s  are  f i n a l l y  s u p p lie d .
I t  was found t h a t  a f t e r  2 h ou rs o f  in c u b a t io n , g r e a te s t  r e s t o r a ­
t i o n  o f  damaged c e l l s  o ccu r re d  a t  a tem p era tu re  o f  25 C, S in c e  m eta­
b o l i c  r a t e s  a t  th e  v a r io u s  tem p era tu res  v a r y , r e c o v e r y  may have been  
a f f e c t e d  by in c u b a t io n  a t  10 G and 37 C; th e  m e ta b o lic  r a te s  a t  th e s e  
te m p e r a tu r e s  w ould be c o n s id e r a b ly  d i f f e r e n t  from  th a t  a t  25 C. C h arles  
and Zimmerman (1 9 5 6 ) r e p o r te d  th a t  p o s t - i r r a d ia t io n  in c u b a t io n  a t  30 C
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in  s a l i n e  y ie ld e d  th e  g r e a t e s t  r e a c t iv a t io n  o v e r  lo n g  p e r io d s  o f  tim e  
w h ile  in c u b a t io n  a t  35 C r e s u l t e d  in  more r e a c t iv a t io n  a f t e r  a sh o r t  
h o ld in g  p e r io d  o f  1 0 0  m in u te s .
Im m ediate i n h i b i t i o n  o f  o x id a t iv e  a c t i v i t y  r e s u lt e d  a f t e r  UV 
i r r a d ia t io n  when minimum d o s e s  w ere em ployed. The d egree o f  in h ib i t io n  
in c r e a s e d  w ith  an in c r e a s e  in  th e  d o sa g e  when g lu c o s e  was used  a s  th e  
s u b s t r a t e .  A lth ou gh  endogenous r e s o ir a t io n  was in h ib i t e d ,  i t  was n ot  
a f f e c t e d  t o  a g r e a t e r  e x t e n t  by in c r e a s e d  d o se s  o f  UV l i g h t .  G iese  
and Swanson (1 9 4 7 ) r e p o r te d  th a t  th e r e  was an in c r e a s e  in  endogenous 
r e s o i r a t io n  by  y e a s t  c e l l s  f o l lo w in g  UV ir r a d ia t io n  and K elner (1 9 5 3 )  
r e p o r te d  t h a t  endogenous r e s p ir a t io n  was n o t a f f e c t e d  by UV ir r a d ia t io n  
in  d o se s  w h ich  r e s u l t e d  i n  th e  in a c t i v a t i o n  o f  e s s e n t i a l l y  a l l  th e  c e l l s .  
The d is c r e p a n c y  among th e  r e s u l t s  a s  to  th e  e f f e c t  o f  UV on endogenous  
r e s p ir a t io n  p ro b a b ly  l i e s  in  th e  w ide d i f f e r e n c e s  in  ex p er im en ta l 
te c h n iq u e s  em ployed , i . e . ;  th e  organ ism  u se d , p o s t - i r r a d ia t io n  t r e a t ­
m en t, d o s e ,  and tem p eratu re  a t w hich r e s p ir a to r y  s tu d ie s  were con d u cted , 
G ie se  (1 9 4 1 ) and K eln er  (1 9 5 3 ) u s in g  UV l i g h t  and B i l l e n  ^  (1 9 5 3 )
u s in g  X -r a y s , found th a t  a f t e r  i r r a d i a t i o n ,  exogenous r e s p ir a t io n  
p a r a l l e l e d  th a t  o f  th e  c o n t r o l  f o r  a p e r io d  and th en  d e c l in e d .  G iese  
( 1 9 4 1 ) found th a t  an in c r e a s e  i n  th e  UV d o se  cau sed  le n g th  o f  th e  
p e r io d  o f  "normal" r e s p ir a t io n  to  d e c r e a se  and B i l l e n  £ t  ^  (1 9 5 3 )  
r e p o r te d  t h a t  in c r e a s e d  d o se s  had l i t t l e  e f f e c t  on th e  le n g th  o f  th e  
p e r io d  w hich  e q u a lle d  norm al r e s p ir a t io n .  There may be an e n d o c e l lu la r  
r e s e r v e  o f  enzym es w hich  d e c r e a s e s  w ith  in c r e a s in g  d o sa g e . I t  cannot 
be co n c lu d ed  from th e  d a ta  o b ta in e d  w h eth er th e in c r e a s e d  d osage r e s u lt e d  
in  th e  r e s p ir a t io n  o f  an in c r e a s e d  number o f  c e l l s  b e in g  in h ib i t e d  or
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
87
g r e a t e r  i n h i b i t i o n  o f  th e  r e s p ir a t io n  o f  a l l  c e l l s .  Heinm ets and 
Kathan (1 9 5 4 ) r e p o r te d  t h a t  th e  oxygen  uptake i n  th e  n re se n c e  o f  pyru­
v a te  was su p p r e sse d  c o m p le te ly  by UV i r r a d ia t io n  and t h a t  a f t e r  two 
h ou rs th e r e  was a s l i g h t  resu m p tion  o f  a c t i v i t y  w hereas uptake in  th e  
p r e se n c e  o f  g lu c o s e  was o n ly  s l i g h t l y  a f f e c t e d .  They found th a t  th e  
oxygen  u p tak e i n  th e  p r e s e n c e  o f  a n itr o g e n  so u rce  was a f f e c t e d  th e  most 
by i r r a d i a t i o n  and t h a t  in  th e  p r e s e n c e  o f  m e ta b o lit e s  o f  th e  TCA c y c l e , 
oxygen  u p tak e was u s u a l ly  su p p r esse d  but o c c a s io n a l ly  an  in c r e a s e  in  
a c t i v i t y  r e s u l t e d .  The r e s u l t s  o f  th e  p r e s e n t  work a re  com parable to  
th o s e  o f  H einm ets and Kathan ( 1 9 5 4 ) .  In  g e n e r a l ,  o x id a t iv e  in h ib i t io n  
was g r e a t e s t  when am ino a c id s  (g lu ta m ic  a c id ,  g lu ta m in e , th r e o n in e ,  
s e r in e  and a s p a r t ic  a c id )  w ere em ployed as s u b s t r a t e s ,  and l e a s t  i n  th e  
p r e s e n c e  o f  TCA c y c le  in te r m e d ia te s  ( fu m a r ic , s u c c in ic ,  a lp h a -k e to g lu t— 
a r i c ,  and m a lic  a c i d s ) .  There i s  e v id e n c e  th a t  t h e  TCA c y c le  i s  o p e r a ­
t i v e  i n  S h i g e l l a  (P a n , Y ee, and G ezon, 1 9 5 7 ) . The o n ly  e x c e p t io n  was 
t h a t  s u p p r e s s io n  o f  oxygen  u p tak e was g r e a t e r  in  th e  p re se n ce  c f  p y ru v ic  
a c id  th a n  i n  th e  p r e s e n c e  o f  g lu ta m ic  a c id .  (The I n h ib i t io n  d is c u s s e d  
h er e  i s  b a sed  on t h a t  o b ta in e d  a f t e r  90 m in u tes o f  r e s n ir a to r y  a c t i v i t y . )  
Oxygen u p tak e was s l i g h t l y  a f f e c t e d  in  th e  p r e se n c e  o f  g lu c o s e  and 
su p p r e s se d  to  a much' g r e a t e r  e x te n t  in  th e  p resen ce  o f  p y ru v a te , B i l l e n  
ad (1 9 5 3 ) p ro p o sed , on th e  b a s is  o f  t h e i r  r e s u l t s  and th e  know ledge  
th a t  a d a p t iv e  enzyme fo r m a tio n  i s  p re v e n te d  by ir r a d ia t io n  (UV and X- 
i r r a d i a t i o n ) ,  th a t  i n h i b i t i o n  o f  enzyme s y n t h e s is  r a th e r  th a n  d e s tr u c t io n  
o f  p reform ed  enzym es was r e s p o n s ib le  f o r  th e  in h i b i t i o n  c f  o x id a t iv e  
a c t i v i t y .  S ta p le t o n ,  S b a rra , and H o lla en d er  (1 9 5 5 ) ex p r e sse d  t h i s  b e l i e f  
a l s o .  B i l l e n  e t  ^  (1 9 5 3 ) p o s t u la te d  th a t  norm al c e l l s  m y  be a b le  tc
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s y n t h e s iz e  enzym es w h ich  d e t e r io r a t e  th rou gh  u se  even  th o u g h  an exogen cu s  
so u r c e  o f  n itr o g e n  i s  n o t a v a i la b le  and th a t  UV ex p o su re  r e s u l t s  i n  th e  
l o s s  o f  t h i s  a b i l i t y .  B ran d t, Freeman, and Swenson (1 9 5 1 ) a ls o  rep o rted  
t h a t  enzyme s y n t h e s is  and n o t p reform ed  enzymes was a f f e c t e d  b y  i r r a d ia  
t i o n .  D a le  (1 9 4 0 ) r e p o r te d  t h a t  t h e  X - ir r a d ia t io n  in a c t iv a t io n  o f  c&rboxy- 
p e p t id a s e  ( i n  v i t r o )  d id  n ot o c c u r  when th e  enzyme i s  a c t in g  upon i t s  
s u b s tr a te  d u rin g  i r r a d i a t i o n  w hereas th e  85^ o f  th e  enzyme was I n a c t iv a te d  
in  th e  a b sen ce  o f  th e  s u b s t r a t e .  He rep o r ted  th a t  th e  p er ce n ta g e  o f  
in a c t i v a t i o n  o f  th e  enzym es was a f u n c t io n  o f  t h e  c o n c e n tr a tio n  o f  t h e  
enzyme f o r  a g iv e n  d o se  o f  i r r a d ia t io n  ( th e  in a c t iv a t in g  d o se  d ecr ea sed  
w ith  a d e c r e a s e  i n  th e  c o n c e n tr a t io n  c f  th e  en zy m es), S u l l iv a n  ( l9 6 o )  
found  t h a t  i r r a d i a t i o n  in  s u f f i c i e n t  d o se s  a f f e c t e d  r e s p ir a t io n  in  sucn  
a way th a t  th e r e  was an im m ediate in h ib i t io n  o f  enzyme a c t i v i t y  and 
co n c lu d ed  t h a t  preform ed enzym es must be damaged by th e  i r r a d i a t i o n .  
H einm ets and Kathan (1 9 5 4 ) r e p o r te d  t h a t  th e  oxygen  uptake in  th e  
p r e s e n c e  o f  p y ru v a te  was im m e d ia te ly  and c o m p le te ly  in h ib it e d  by UV 
i r r a d i a t i o n .  I t  has been  r e p o r te d  th a t  th e  e x te n t  o f r e s n ir a to r y  in h ib i  ■ 
t i o n  was s u b s tr a te  dependent ( B i l l e n  e^ a l . 1953; H einm ets and K athan, 
1 9 5 4 ) ' T h is  was a ls o  found  t o  be t r u e  in  t h i s  p r e s a it  i n v e s t ig a t io n .  
B i l l e n  ^ t  (1 9 5 3 ) fou n d  t h a t  th e  o x id a t io n  o f g lu c o s e  was su p p resse d  
so o n e r  a f t e r  i r r a d ia t io n  th an  th a t  o f  su cc in a + e  or p y ru vate  and h y p c th e -  
s i z e d  t h a t  th e  p r o b a b i l i t y  t h a t  a sy stem  w i l l  b e  a f f e c t e d  by ir r a d ia  
t i o n  in c r e a s e d  w ith  th e  number o f  en zym atic  s t e p s  in v o lv e d  in  th e  sy stem . 
T h is  th e o r y  ap p ears a p p l ic a b le  in  th e  p resen t s tu d y  i n  term s o f  th e  
i n h i b i t i o n  o f  th e  o x id a t io n  c f  TCA c y c le  in te r m e d ia te s  t e s t e d  wi^p t h e  
e x c e p t io n  o f  th e  r e s p ir a t io n  o f  m a la te , w h ich  was in h ib i t e d  t o  a gr-ea-^er
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e x te n t  th a n  th e  r e s p ir a t io n  o f  s u c c in a t e  and fum arate a f t e r  90  m in u tes  
o f  r e s p ir a t o r y  a c t i v i t y .  I t  i s  n o t d e f i n i t e l y  known w hether UV ir r a d ia  ■ 
t i o n  a f f e c t s  th e  s y n t h e s is  o f  th e  enzym es o r  th e  a c t i v i t y  o f  prefc.nned  
enzymes^ or b o th . I f  preform ed enzym es are  n ot damaged and t h e  i n l i i t i  
t i o n  o f  enzyme s y n t h e s is  i s  r e s p o n s ib le  f o r  th e  in h i b i t i o n  o f  cxygen  
u p tak e o b se r v e d , i t  i s  p o s s ib le  t h a t  one o r  more o f  th e  enzymes in v o lv e d  
i n  th e  sy s te m  under s tu d y  are p r e s e n t  i n  such  m inute c o n c e n tr a t io n s  th a t  
th e y  d e t e r io r a t e  v e r y  r a o id ly  th ro u g h  u se  and u n le s s  th e y  are  r e p la c e d  
by s y n t h e s i s ,  th e  d eg re e  o f  o x id a t io n  o f  th e  s u b s tr a te  i s  g r e a t ly  red u ced . 
On th e  o t h e r  hand, i f  preform ed  enzymes are in a c t iv a t e d ,  v a r ia t io n s  in  
th e  l e v e l s  o f  i n h i b i t i o n  o f  cxygen  uptake i n  th e  p r e se n c e  o f  th e  s u b s t r a t e s  
em ployed may be due to  d i f f e r e n c e s  in  th e  e n d o c e l lu la r  a c t i v i t y  c r  th e  
c o n c e n tr a t io n  o f  th e  enzym es i n  th e  sy stem  d u rin g  i r r a d ia t io n  (D a le ,
1 9 4 0 ) ,  I t  i s  a ls o  o o s s i b l e  th a t  due t o  d i f f e r e n c e s  i n  th e  ch em ica l 
and p h y s ic a l  s t r u c tu r e  o f  t h e  enzym es, some enzym es are mere s e n s i t i v e  
t c  i r r a d i a t i o n  than  o t h e r s .  The p o s s i b i l i t y  t h a t  ir r a d ia t i .c n  m c d if ie s  
m e ta b o l i t e s  i n  such  a way t h a t  th e y  a c t  as  a n a lo g u e s  must a l s o  be c c n s id  
e r e d  (H ein m ets and Lehman, 1955)»  As th e  r e s p ir a t io n  s t u d ie s  w ere nc r 
con d u cted  i n  th e  dark i t  i s  a l s o  p o s s ib le  th a t  p h o t o r e a c t i b i l i t y  r a th er  
th a n  d e g r e e s  o f  s e n s i t i v i t y  were r e s p o n s ib le  f o r  th e  r e s u l t s ,
H einm ets e t  a.1 (1 9 5 4 ) and H einm ets and Lehman (195^) found thab  
r e s t o r a t io n  o f  UV in a c t iv a t e d  b a c t e r ia  was e x t e n s iv e  when th e  in ju r e d  
b a c t e r ia  w ere in c u b a te d  w ith  m e ta b o l i t e s  o f  th e  TCA c y c le  but t h i s ,  
i n  g e n e r a l ,  d id  n o t o ccu r  when th e  c e l l s  w ere in c u b a te d  w ith  amino a c id s ,  
Doudney (1 9 5 9 ) r e p o r te d  th a t  th e  p r e se n c e  o f  an exogen ou s n itr o g e n  so u rce  
su b seq u en t t o  UV i r r a d ia t io n  in h ib i t e d  r e c o v e r y . There was an in c r e a s e
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i n  t h e  r e s p ir a t o r y  r a t e  when th e  i r r a d ia t e d  c e l l s  w ere a llo w ed  t o  rem ain  
i n  c o n ta c t  w ith  s u b s t r a t e s  o f  th e  TCA c y c l e .  There was a d e c r e a se  in  
th e  r e s p ir a t o r y  r a t e  when th e  c e l l s  w ere l e f t  in  c o n ta c t  w ith  amino 
a c i d s .  These o b s e r v a t io n s  g e n e r a l ly  a g ree  w ith  t h o s e  o f  H einm ets ej ad 
(1 9 5 4 )>  H einm ets and Lehman (1 9 5 5 ) and Doudney (1959)»
In  o r d e r  t o  d eterm in e  w h eth er  enzyme sy stem s s u b je c te d  t c  i r r a d ia ­
t i o n  w ere p r o te c te d  by th e  i n t a c t  c e l l s ,  c e l l s  w ere shaken w ith  g la s s  
b ead s and th e n  i r r a d ia t e d .  In  th e  c a se  o f  endogenous r e s p ir a t io n  a îd 
o xygen  u p tak e in  th e  p r e se n c e  o f  g lu c o s e ,  th e  e x te n t  o f  i n h i b i t i o n  w h ich  
r e s u l t e d  due to  i r r a d ia t io n  was a p p r o x im a te ly  th e  same r e g a r d le s s  o f  
w h eth er th e  c e l l s  w ere or  w ere n o t shak en  w ith  g la s s  beads p r io r  t o  U7 
t r e a tm e n t , P o w e ll and P o l la r d  (1 9 5 5 ) found th a t  upon ir r a d ia t io n  o f  
B a c i l lu s  s u b t i l i s  c e l l s  and l y s a t e s  th e r e  w ere no d i f f e r e n c e s  in  cytc  
chrome o x id a s e  and s u c c in i c  d eh y d ro g en a se  a c t i v i t y  betw een  th e  in  vl"̂  <'c 
and i n  v iv o  s t a t e s .  However, oxygen  u p tak e in  t h e  p resen ce  o f  glu^am i 
a c id  was in h ib i t e d  t o  a s l i g h t l y  g r e a t e r  e x t e n t  i f  th e  c e i l s  w ere shaken  
w ith  g la s s  beads p r io r  to  i r r a d i a t i o n .  I t  i s  th e r e fo r e  con clu d ed  th a t  
some enzyme sy stem s may be l e s s  s e n s i t i v e  t c i r r a d ia t io n  e f f e c t s  when 
th e  i n t e g r i t y  o f  th e  c e l l  i s  m a in ta in e d .
Experimentation was conducted in order to determine if changes in 
the permeability of the cell membrane Induced by LTV light were respon­
sible for the variation in the level cf respirator/ inhibi": ion in the 
presence of different substrates. Cell suspensions were shaken wi^h 
glass beads after irradiation. Oxidative activity was virtually destroyed 
when pyruvic and aspartic acids were used as substrates. It is :cncluded 
that UV treatment sensitized the enzyme systems to subsequent treatmerk
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i n  th e  M ick le  T is s u e  D is in t e g r a t o r .
R e s u lt s  o b ta in e d  i n  t h i s  i n v e s t i g a t i o n  w ith  S . so n n e i as  th e  t e s t  
organ ism  and th e  r e s u l t s  o b ta in e d  b y  o th e r  w orkers em p loy in g  v a r io u s  
b a c t e r ia  a r e ,  f o r  th e  m ost p a r t ,  com parable The r e s u l t s  o f  t h i s  work 
c l e a r l y  i l l u s t r a t e  th e  n eed  f o r  s t r i c t  e x p e r im e n ta l p ro ced u res  when any  
s t u d ie s  o f  a com p arative  n a tu r e  are  u n d ertak en . The s ig n i f i c a n c e  c f  
work o f  t h i s  ty p e  i s  th a t  u lt im a te  a p p l i c a t io n  to  h ig h e r  an im als  where 
p o s s i b l e  may r e s u l t  i n  m ethods o f  tr e a tm e n t w hich a f f o r d  p r o t e c t io n  o r  
fa v o r  r e c o v e r y  a f t e r  i r r a d i a t i o n  damage.
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CHAPTER VI 
SUMMARY
1 .  D o s e - s u r v iv a l  cu rv es  w ere d eterm in ed  f o r  2 s t r a in s  o f  S h ig e l la  
s o n n e i .
2 . The e f f e c t s  o f  m o d if ic a t io n s  i n  th e  p r e - i r r a d ia t io n  trea tm en t on 
th e  u l t r a v i o l e t  s e n s i t i v i t y  o f  S . so n n e i w ere s tu d ie d .
a .  R e s is ta n c e  t o  UV in c r e a s e d  as th e  lo g a r ith m ic  phase p r o g r e s se d ,  
was m axim al s e v e r a l  h ou rs a f t e r  th e  i n i t i a t i o n  o f  th e  maximum 
s t a t io n a r y  phase and g r a d u a lly  d e c l in e d  w ith  th e  o n se t o f  th e  
d e a th  p h a se .
b . R e s is ta n c e  t o  UV i r r a d ia t io n  in c r e a s e d  w ith  an in c r e a s e  in
le n g th  o f  s t a r v a t io n  in  b u f f e r  a t  10 and 37  C up t o  a maximum
and th e n  d e c l in e d .
c .  S h o r t-te r m  f r e e z in g  o r  sh a k in g  w ith  g la s s  beads d id  not a l t e r  
th e  s e n s i t i v i t y  o f  th e  c e l l s  t o  UV l i g h t .
3 .  The e f f e c t  o f  a l t e r i n g  t h e  environm ent i n  w h ich  c e l l s  w ere i r r a d ia te d
was a l s o  s tu d ie d ,
a .  R e s is ta n c e  was found t o  be d i r e c t l y  r e lo i e d  t o  th e  c o n c e n tr a ­
t i o n  o f  sodium  s u l f o s u c c in a t e ,  sodium  t a u r o c h l o r a t e o r  Tween
20 in  th e  su sp en d in g  medium, but n o t d i r e c t l y  to  changes in  
th e  s u r fa c e  t e n s io n  o f  th e  m edia,
b . V ary in g  th e  pH v a lu e s  o f  th e  su sp en d in g  medium had no e f f e c t
on th e  s e n s i t i v i t y  o f  S . so n n e i t o  UV l i g h t .
4 .  F a c to r s  a f f e c t i n g  t h e  r e c o v e r y  o f  S . so n n e i from  UV damage w ere
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s tu d ie d .
a . The number o f  i r r a d ia t e d  b a c t e r ia  ca p a b le  o f  co lo n y  fo rm a tio n  
was a l t e r e d  b y  th e  c o m p o sit io n  o f  th e  r e c o v e r y  medium. G r e a te s t  
r e c o v e r y  was o b ta in e d  on a c h e m ic a lly  d e f in e d  medium, w h ile  
p o o r e s t  r e c o v e r y  o c cu rr ed  on com plex m edia.
b . R ecovery  was d i r e c t l y  r e la t e d  t o  th e  tem p era tu re  o f  in c u b a tio n  
o f  th e  i r r a d ia t e d  o rg a n ism s.
c .  R ecovery  o f  U V -tre a ted  c e l l s  was fa v o r ed  i f  th e  c e l l s  w ere h e ld  
i n  b u f f e r  f o r  a p e r io d  p r io r  to  p la t in g .  However, a peak in  
s u r v iv a l  was reach ed  beyond w hich  fu r th e r  h o ld in g  r e s u lt e d  in
a d e c l in e  in  th e  v ia b le  num bers.
5 . M anom etric te c h n iq u e s  w ere em ployed to  s tu d y  the com p arative  r e s p ir a ­
t io n  o f  i r r a d ia t e d  and u n ir r a d ia te d  o rg a n ism s.
a . A d i r e c t  r e la t io n s h ip  was found t o  e x i s t  betw een  th e  UV d osage  
and th e  e x t e n t  o f  i n h i b i t i o n  o f  th e  o x id a t io n  o f  g lu c o s e ,
b . The e x te n t  o f  i n h i b i t i o n  o f  o x id a t iv e  a c t i v i t y  was found to  be 
dependent upon th e  s u b s tr a te  em ployed,
c . C e l l  s u sp e n s io n s  w ere shaken w ith  g la s s  beads p r io r  t o  i r r a d ia ­
t i o n  and a ls o  a f t e r  i r r a d ia t io n .  For th e  most part, UV in h ib i ­
t i o n  o f  th e  o x id a t iv e  a c t i v i t y  o f  S , so n n ei  was unchanged by th e  
p r e - i r r a d ia t io n  trea tm en t w ith  g la s s  b ea d s . However, p e st  
i r r a d ia t io n  tre a tm e n t w ith  g la s s  beads appeared  to  d e s tr o y  
v i r t u a l l y  a l l  r e s p ir a t o r y  a c t i v i t y .
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